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Honorable  Philip  11.  Dewey 
Secretary,  Internal  Affairs 
Harrisburg',  Pennsylvania 

i\Iy  dear  sir ; 

I liave  the  honor  to  transmit  herewith  the  mannseript,  maps,  and 
illnstrations  of  a very  detailed  report  on  Slate  in  Pennsyl vaida,  by 
C’harles  H.  Pehre,  dr.  This  report  inelndes  also  the  matei'ial  of  a i)re- 
vioiis  report,  Bnlletin  i\l-9.  Slate  in  Northam])ton  Coindy,  by  the  same 
author,  -whieli  was  burned  before  it  had  been  widely  distributed. 

The  slate  industry,  in  which  Penmsylvania  leads  the  United  States, 
is  one  of  the  largest  of  onr  smaller  mineral  indnstries.  In  recent 
years  it  has  been  hard  hit  by  the  introduction  of  artificial  .snbstitntes 
for  rooting  and  other  nses.  In  view,  however,  of  the  nmpiestionable 
superiority  of  natural  slate  for  certain  jnirposes,  the  (piariying  of 
slate  is  bound  to  continue  as  a considerable  industry.  The  discovery 
of  new  uses  for  slate  may  even  increase  the  output. 

This  report  is  a minute  study  of  those  factors  that  determine  the 
workability  and  value  of  the  .slate.  No  such  careful  study  has  ever 
before  been  made,  and  it  should  therefore  be  of  large  value  to  the 
men  in  the  industry.  The  illustrations  will  be  a revelation  to  many 
of  onr  citizens  as  to  the  size  and  scope  of  the  indu.stry,  the  size  and 
depth  of  the  quarries,  the  iirocesses  of  (piarryiiig  and  pi'cjiaring  the 
slate,  and  the  great  volume  of  waste  slate  for  which  a use  is  being 
.sought.  Geological  understanding  is  of  prime  importance  in  solving 
many  of  the  ])roblem.s  of  the  industry. 

The  field  Avork  for  this  rei)ort  was  begun  by  Pi'of.  Behre  in  1922 
when  he  Avas  a membei'  of  the  geologic  faculty  of  Lehigh  University. 
It  Avas  continned  Avhile  he  Avas  a member  of  the  faculty  of  the  Uni- 
versity of  Cincinnati,  and  the  report  Avas  com])leted  at  Northwestern 
University  Avhere  he  is  associate  ])rofessor  of  Economic  Geology.  All 
of  the  Avork  has  been  done  under  the  ausjiices  of  the  Pennsylvania 
Topograi)hic  and  Geologic  Survey.  This  Suiwey  is  deeply  iiulebted 
to  the  three  universities  for  fostering  the  Avork  by  alloAving  the  use 
of  research  time,  library  and  laboi'atory  facilities  foi‘  the  prepara- 
tion of  the  report. 

Besjieetfully  subnutted. 
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SLATE  IN  PENNSYLVANIA 

By  Charles  II.  Rehre,  Jr. 

INTRODUCTION 

I’T’IU’OSE  (»F  THE  REPORT 

As  tlie  United  States  lieeomes  more  and  more  indnsti'ialized  tlie  non- 
nietallie  mineral  prodncts  play  an  increasingly  signitieant  role  in  manii- 
factnring  indnstries.  Of  tliese  non-metal !ics,  slate,  tliongli  not  of  lead- 
ing importance,  is  nevertlieless  one  of  the  more  valnable.  In  recent 
years  it  has  been  twenty-second  in  order  of  worth  among  the  mineral 
prodncts  of  this  country,  its  annual  imodnction  value  amounting  to 
api)roximately  .$12,000,000.  Pennsylvania  is  the  leading  slate-pro- 
dneing  State  in  the  Union.  Here  slate  is  ninth  in  value  among  the 
minerals  mined  and  in  recent  years  ap])roxiniately  $5,000,000  worth, 
or  about  45  per  cent  of  the  national  total,  has  been  quarried  and 
milled  annually. 


Fig.  1.  Value  of  slate  production  in  1929  in  the  United  States  and 

Pennsylvania,  compared. 

It  is  clear  that  this  important  mineral  product  is  a noteworthy 
source  of  wealth  to  the  State  and  to  the  nation.  At  once  there  arise 
several  que.stions.  Are  all  of  the  slate  deposits  that  may  be  of  com- 
mercial value  known?  Are  the  known  deposits  worked  to  the  best  ad- 
vantage? These  two  queries,  both  of  an  eminently  pi'aetieal  nature, 
justify  a careful  study  of  the  slate  deposits  of  Pennsylvania. 

Practical  as  are  the  problems  of  discovery  and  utilization,  however, 
they  cannot  well  be  solved  without  a fundamental  understanding  of 
the  physical  and  chemical  projierties  of  slate,  its  peculiar  structure 
and  origin,  and  the  geological  conditions  favorable  or  unfavorable  to 
its  formation.  The  general  purposes  of  this  report,  therefore,  are  first, 
to  help  lay  the  theoretical  groundwork  by  a consideration  of  the  con- 
stitution and  origin  of  slate  in  general ; and  second,  to  present  what 
geology  has  to  say  regarding  the  application  of  these  more  theoretical 
principles  to  the  problems  of  slate  quarrying. 
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At  the  same  time  certain  specific  questions  may  also  he  faced.  In 
so  far  as  time  and  a])])ropriations  permitted,  the  general  geology  of 
each  slate  district  in  Pennsylvania  has  been  studied,  and  maps  and 
cross-sections  have  been  prepared  to  show  the  distribution  and  struc- 
ture of  workable  slate  beds.  Tlie  ])hysical  (inalities  and  tlie  chemical 
and  mineralogical  constitution  of  the  slates  of  each  district  are  dis- 
cussed. Every  accessible  .slate  (piarry  or  mine  bas  been  visited  and 
briefly  described,  with  as  much  of  its  jiast  history  as  seems  pertinent 
in  guiding  development.  A summary  of  jn-oduction  methods  is  intro- 
duced, as  of  value  to  (piarry  and  mill  manager,  but  a more  detailed 
discussion  of  this  subject  is  thought  to  be  more  jiroiierly  tbe  field  of 
the  mining,  ipiarry,  and  mechanical  engineer.  Finally,  production 
figures  for  the  various  districts  of  the  Htate  are  given. 

This  publication  includes  many  data  ali’eady  ])resented  in  an  earlier 
bulletin.^  The  reader  thus  has  before  him  a book  dealing  with  all  of 
the  slate  deposits  of  Pennsylvania. 

The  reader  may  regard  as  tiresome  the  detailed  description  of  each 
quarry, — an  aiqiroach  not  generally  used  in  discussing  non-metallic 
minerals,  tliongh  sanctioned  by  custom  in  other  geologic  writings.  The 
more  exhaustive  plan  has  been  followed  here  for  two  reasons.  First, 
the  (piarry  operator  is  not  always  able  to  ajiply  the  ])rinted  generalized 
statements  about  regional  geidogy  to  his  own  particular  problems.  Sec- 
ond, and  far  more  inqiortant,  however,  is  the  fact  that  the  slate  de- 
jiosits  are  sufficiently  well  known  so  that  a discussion  of  general 
geology  is  not  really  a new  contribution  for  the  operator;  rather,  his 
(piarry  is  a problem  in  itself,  with  its  ])eculiar  system  of  joints,  its 
individually  differing  beds,  and  the  like,  and  these  facts  mn.st  be  faced 
concretely  by  the  economic  geologist  if  he  is  to  be  of  real  service  to 
the  industry.  The  writer  hopes  that  his  highly  detailed  approach 
will  he  recognized  as  valid  and  that  the  ])recedent  set  by  metal  mine 
rejiorts  may  ])erhaps  come  to  be  more  generally  followed  in  the  tech- 
nical de.scription  of  non-metallic  mines  and  (inarries. 


FIELD  AND  OEFICE  WORK 

The  earlier  field  Avork  in  jireparing  this  publication  Avas  carried  on 
under  the  ansiiices  of  the  Pennsylvania  To]iographie  and  Geologic 
8urv(\A"  during  the  snmmens  of  1923  and  192T.  Based  upon  this  Avork 
and  shorter  field  trips  during  the  winters  of  the  years  mentioned,  a 
detailed  re])()rt,  on  tlie  slate  deposits  in  Northampton  County  east  of 
Danielsville,  Avas  prepared  and  published  in  1927,  as  Bulletin  M-9  of 
the  Survey.’ 

In  IMay,  1927,  a hre  destroyed  the  reserve  stock  of  this  earlier  re- 
l)ort.  The  accident,  but  esiiecially  the  fact  that  the  bulletin  covered 
only  a ])art  of  the  Pennsylvania  slate  dejiosits,  made  the  jireparation 
of  a ncAV  report  desirable,  and  the  Avriter  Avas  c()mniissione(^l  to  begin 
held  Avork  in  1927.  The  summer  season  Avas  dcAmtcd  to  a study  of  all 
of  the  slate  deposits  not  described  in  Bulletin  i\I-9.  From  time  to  time 
subseipiently  trips  Avere  made  into  the  slate  regions  for  the  purpose  of 
rounding  out  the  data.  Office  work  Avas  distributed  irregidarly  through 
the  calendar  years  of  1928-1930. 

1 Bell  re,  C.  11.,  .Tr.,  Slate  in  Xorthanipton  County,  Pennsylvania:  Penn.  Topog.  and 
Geol.  Survey  Bull.  Jl-'J,  SOS  pp.,  1927. 


IXTRODUCTIOX 


The  field  and  office  methods  Avere  like  those  nsed  in  olhei-,  similar 
geologic  studies.  The  topographic  slieets  prepared  by  the  T.  S.  Geo- 
logical Snrvej"  served  as  base  maps;  it  slionid  he  stated,  hoAvever,  that 
quarries  are  largely  omitted  from  these,  and  hence  the  Avriter,  assisted 
by  others,  plotted  quarry  locations  by  plane  table  methods. 

.SOUKCPtS  OF  IXFORxAIATIOX 

Two  general  sources  of  information  other  than  that  obtained  by  pei'- 
sonal  observation,  Avere  aA'ailable  in  preparing  tliis  l)ulletin, — tlie  re- 
ports  of  earlier  geologi.sts  and  the  statements  of  quaio'ymcn.  xMany 
great  names  among  the  ])ioneers  of  geology  appear  in  all  fundamental 
Avorks  on  slate.  Among  these  are  Daubree,  .lannetaz,  Sorby,  Kenard, 
Van  Hise,  Jtecker,  and  Leith.  In  particular,  the  excellent  Avork  of  l)i'. 
T.  Nelson  Dale  of  the  United  States  Geological  Survey  became  the 
foundation  upon  which  these  studies  could  be  built.  The  general 
stratigraphy  and  structure  of  this  and  adjacent  regioiis  have  been 
described  in  more  or  less  detail  by  the  geologists  of  the  United  States, 
PennsylA’ania,  Ncav  Jersey,  and  Maryland  Geological  Surveys.  Dr. 
Oliver  BoAvles  of  the  United  States  Bureau  of  Mines  has  given  in  his 
Avriting's  much  Auilnable  information  on  the  technology  of  slate.  Pro- 
duction data  were  obtained  from  the  IMineral  Pesources  Division  of 
the  United  States  Bureau  of  Mines. 

For  information  as  to  the  deA^elopment  of  individual  slate  quarries 
some  of  the  pioneers  in  the  slate  district  Avere  consulted.  IMany  aban- 
doned quarries  are  nOAV  inaccessible,  so  that  details  of  structure  and 
stratigraphy  could  not  be  studied  and  data  could  be  gleaned  only  from 
the  men  aaJio  Avere  once  engaged  in  quarrying  in  these  jAarticular  ojien- 
ings.  In  the  use  of  such  data  the  Avriter  has  sought  to  discriminate 
betAA-een  statements  that  appear  to  be  in  accord  Avith  observed  facts  and 
those  Avhich,  because  of  the  filling  of  the  openings  or  similar  causes, 
could  not  be  tested  and  liaA^e  to  be  accejited,  if  at  all,  “on  faith.” 
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the  slate  operators.  To  aeknoAvledge  full  indebtedness  Avould  be  im- 
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possible,  but  special  mention  should  ])e  made  of  the  aid  furnished  by 
certain  individuals.  These  include  in  tlie  Lehigh-Northampton  dis- 
trict W.  L.  Blake,  Wm.  11.  Smith,  and  M.  J.  S])ry  of  Bangor,  and  Wm. 
Bray  of  East  Bangor,  recently  deceased ; the  officials  of  the  Structural 
Slate  Company  of  Pen  Argyl,  especially  N.  IM.  Male  and  Wm.  A. 
Kitto ; Bichard  Jackson,  3d,  of  Pen  Argyl;  AVm.  Smith  of  Chapman, 
Pa. ; Henry  Seip  and  J.  K.  Ilower  of  Danielsville ; AYni.  Kuhnsman, 
Reuben  Steckel,  Edw.  AA'illiams,  and  Peter  Snyder  of  Slatington;  AVm. 
Foulk  of  Slatedale ; and  the  officials  of  the  Vendor  Slate  Company, 
especially  Doster  Eoeht.  In  the  Peach  Bottom  district  AA".  J.  Thomas 
and  E.  E.  AVilliams  of  AVest  Bangor,  John  AV.  Jones,  11.  P.  Reese,  and 
Richard  Reese  of  Delta,  Pa.,  and  Thurman  Shank,  Charles  Owens,  and 
Arthur  Roberts  of  Peach  Bottom  were  especially  helpful.  Efficient 
assistance  as  rodnien  was  rendered  by  John  Snyder,  El  wood  Prest- 
wood,  and  Robert  Prestwood,  all  of  Slatington. 

The  Bliss  Studio  of  Easton,  Pa.,  furnished  several  photographs. 

My  wife.  Dr.  J.  A.  Behre,  was  a constant  help  in  field  and  office, 
especially  in  her  skillful  use  of  the  alidade  and  plane  table  during  the 
earlier  field  seasons,  and  in  offering  constructive  criticism  and  sug- 
gestions. 

SLATE  RESOURCES  OF  PENNSYLVANIA 

The  slate  reserves  of  Pennsylvania  extend  areally  through  large 
parts  of  the  southeastern  cpiarter  of  the  State,  and  in  point  of  time 
through  parts  of  the  pre-Cambrian  and  the  later  Cambrian,  Ordo- 
vician, and  Devonian  periods  of  the  Paleozoic  Era.  In  character  the 
available  slate  ranges  from  a dense,  highly  metamorphosed  rock  with 
undulating  cleavage,  Avith  little  or  no  traces  of  the  original  bedding, 
closely  akin  to  schist  in  mineral  composition  and  in  structure,  to  a 
relatively  poorly  consolidated,  irregularly  flaking  clay  slate,  having 
a marked  kaolin  odor  and  a tendency  to  part  parallel  to  the  bedding. 

Differences  in  age,  structure  and  composition  are  in  general  related 
to  differences  in  geographic  distribution.  Only  in  I'elatively  isolated 
areas  and  in  separated  periods  of  the  earth’s  history  have  the  rocks 
had  the  peculiar  combination  of  that  original  composition  and  that 
degree  of  alteration  by  pressure  needed  to  produce  commercial  slate. 
Since  in  a region  of  folded  rocks,  such  as  the  State  of  Pennsylvania, 
strata  of  a certain  age  are  generally  ex])osed  at  the  surface  over  rela- 
tively small  areas  only,  there  is  a further  limiting  geographic  factor 
in  the  surface  occurrence  and  accessibility  of  individual  beds  or  groups 
of  beds  of  Avorkal)le  slate.  For  these  reasons  any  giA’en  region  gen- 
erally includes  slate  beds  which  are  roughly  uniform  as  to  composi- 
tion, structure,  and  geologic  age.  This  makes  it  possible  to  classify 
the  slate  belts  of  Pennsylvania  into  several  districts. 

A slate  district  may  be  defined  as  a geogra])hic  unit  in  Avhich  the 
workable  beds  have  a virtually  continuous  outcrop,  liaA^e  suffered  es- 
sentially the  same  degree  of  metamor])bisni,  and  are  of  approximately 
the  same  age, — that  is,  generally  of  one  period  or  at  most  of  tAVO  suc- 
cessive i)eriods,  if  of  post-Algonkian  age;  if  Algonkian  or  Archean, 
they  may  rejiresent  either  or  both  of  these  pre-Cambrian  eras.  An  ex- 
ception is  made  Avbere,  as  in  Adams  County,  several  small  prospects 
in  rocks  that  rej)resent  Avidely  diverse  geologic  time  divisions  lie  so 
close  together  and  are  of  such  negligible  economic  importance  that  the 
outlining  of  a separate  district  for  the  slate  of  each  age  Avould  be  an 
unnecessary  refinement. 


SLATE  DISTRICTS 


The  table  below  names  the  slate  districts  of  tlie  State  in  ordei'  of 
economic  importance,  tog'etber  with  their  location  by  counties,  the 
chief  producing  or  shipping  centers  in  each  district,  the  general  char- 
acter of  the  slate,  its  geologic  age,  and  the  present  state  of  develo])- 
ment  and  quarry  activity  of  the  district.  The  location  of  the  districts 
is  also  shown  on  the  key  map.  Figure  2. 


Slate  Districts  of  Pennsjilvania 


District 

Counties 

Centers 

Character 
of  slate 

Geologic- 

age 

State  of 
slate 
industry 

.cliish- 

Xorthanipton 

Xortliampton, 
Lehigh  and 
eastern  Berks 

Bangor, 

Ben  Argyl, 
Slatington 

True  slate, 
blue-gray, 
unfading  : a 
little  red 
and  green 

Middle  and 
Fpper  (')r<lo- 
vician 

Well-developed, 

active 

’each  Bottom 

Lancaster 
and  York 

Delta,  West 
Bangor, 

Peach  Bottom 

True  .slate, 
blue-black, 
unfading 

I’re-Cambrian 

Formerly  well- 
develoiu-d.  now 
dormant  in  Pa. 

'arbon  ('minty 

Carhon 

Afinashicola 

Tillage 

True  slate, 
blue-gray, 
fading  and 
rusting 

Middle 

I (evonian 

(Itnly  a few 
(luarries  ; 
abandoned 

Lebanon  ('ounty 

Lebanon 

Xeai-est  center 
Annville 

'rriie  slate, 
blue-grav, 
slowly  fad- 
ing : some 
red  and 
green 

Middle 

(.Irdoviciau 

Prosiiects  only 

i)auphin  County 

Dauphin 

Xeare.st  center 
Ilershey 

True  slate, 
blue-gray, 
fading 

Middle 

Ordovician 

Prospect  only 

Adams  County 

Adams 

Xearest  centers 
Virginia  [Mills, 
Bridgeport 

Light  gray 
schists,  un- 
fading (?)  ; 
also  clay 
slates,  light 
purple  or 
light  slate- 
gray,  fading 

(’amhrian  anc 
Pre-Cainbriaii 

Very  few 
quarries ; 
abandoned. 

In  the  treatment  which  follows,  the  Lehigh-Northampton  district 
(which  is  by  far  the  largest  and  most  important  in  Pennsylvania),  the 
Peach  Bottom  district  (a  part  of  which  actually  extends  across  the 
State  line  into  Maryland  and  is  therefore  omitted'  in  this  report),  and 
the  Carbon  County  district  are  each  considered  under  a separate  head- 
ing in  some  detail.  The  other  three  districts — Lebanon  County,  Dau- 
phin County,  and  Adams  County,  are  all  of  such  slight  economic  im- 
portance that  they  have  been  only  briefly  treated  in  a single  chapter. 
The  Dauphin  and  Lebanon  County  occurrences  will  probably  ulti- 
mately come  to  be  recognized  as  parts  of  one  slate  district;  as  yet  the 
areal  continuity  of  their  workalfle  slate  beds  has  not  been  established, 
however.  No  other  promising  deposits  of  true  slate  are  known  in  the 
State.i 


FUNDAMENTAL  DEFINITIONS 

For  the  reader  not  already  acquainted  with  the  terminology  of  geol- 
ogy or  of  slate,  a few  definitions  may  be  helpful.  These  are'  given  in 
the  briefest  form,  stripped  as  much  as  possible  of  technical  language. 

1 Thoufrh  quantitative  estimates  are  not  possible,  the  State’s  slate  reserves  are  far  beyond 
tne  needs  of  the  next  two  centures  at  present  rate  of  consumption. 
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LEMIGH-NORThAMPTON  SLATE  DISTRICT  LCHIGH-NORTHAMPTON  SLATE  DISTRICT  PEACH  BOTTOM  SLATE  DISTRICT 
Originally  described  First  described  here  First  described  here 

in  Bulletin  M-9 

Fiff.  3.  Outline  jnap  of  .southeastern  Pennsylvania,  showing  slate 
rtistriets,  with  eounties  and  <|ttadrangles  in  which  they  oeeur. 


Slate.  ( Thonscliiefer,  Gentian;  ardoise,  Frencli) — A .survey  of  the 
defiiiitioiis  offered  liy  geologists  ’ in  general  shows  that  tlie  term  slate 
implies  four  things;  (1)  that  the  rock  now  called  slate  was  originally 
laid  down  in  beds  or  la.yers  as  a muddy  sediment  (clay),  most  com- 
monly in  the  sea;  (2)  that  it  was  subsequently  buried  under  other 
rocks  until  it  reached  some  depth  heneath  the  earth’s  surface;  then, 
in  resjionse  to  ])res,sure  from  the  sides,  new,  .sheet-like  minerals  were 
developed,  arranged  with  their  flat  surfaces  more  or  less  jiarallel  to 
each  other;  (d)  that  this  parallelism  of  mineral  texture  gives  the  slate 
a tendency  to  break  or  “cleave”  along  accordant,  closely  spaced,  and 
very  smooth  jtlanes,  oriented  without  regard  to  the  layers  in  which 
the  clay  was  originally  laid  down;  and  (4)  tliat  the  mineral  particles 
of  the  finished  shite  are  fine  and  dense. 

The  essentia]  points  mentioned  are  all  emliodied  in  the  statement 
of  the  Gommittee  on  Slate  of  the  American  Society  for  Testing  Ma- 

^ea.,  for  fxaiiiiilo:  Geikie,  Arcliibald , 'J'cxttiook  of  OpoloR'y,  pp.  2;?5-237,  New  York, 
1002;  Cbanilierliii , T.  C.,  and  Sali.sbury,  K.  D.,  GeoloKy,  vol.  I,  p.  473,  Henry  Holt, 
New  York,  190D;  Rosenbu.'Jeh , H.,  Eleniente  iler  Gestein.slelire,  p.  549,  Stuttgart,  1910; 
Merrill,  G.  P.,  Stones  for  building  and  decoration,  pp.  177-178,  .lohn  Wiley,  New  York, 
1910;  Parks,  W.  .1.,  Building  and  ornamental  stones  of  Oanaila:  Can.  Dept,  of  Mines, 
Mines  Branch  Bull.  100,  vol.  I,  p.  25,  1912;  Hirscliwald,  J.,  Handbuch  der  bautechnischen 
Gesteinspruefung,  p.  592,  Berlin,  1912:  Dale,  N.,  Slate  in  the  United  States:  U.  S. 
(ipol.  Survey  Bull.  .580,  ]>.  9,  1914:  Bowles,  Oliver,  The  technology  of  slate:  U.  S.  Bur. 
Mines  Bull.  218,  p.  3,  1922. 
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terials;  this  detiiiitioii,  as  it  is  the  latest  pul)lislie(l  and  rejireseiits  the 
summation  of  the  best  efforts  of  seientists  and  teehnical  men,  is  the 
most  aeeeptihle,  ■when  slightly  moditied  ' : 

Slate  is  a mierogranular,  crystalline  stone  derived  from  argillaceous 
sediments  by  regional  nietamori)hism,  and  characterized  by  a jterfect 
cleavage,  entirely  independent  of  original  bedding,  which  cleavage 
has  been  induced  by  pressure  within  the  earth.  Essential  mineral 
comstituents  are  white  mica  (chiefly  sericite)  and  cpiartz.  Igneous 
slates,  because  of  their  rare  occurrence  and  insignificant  commercial 
inpmrtance,  are  not  covered  in  this  detinition. 

Basic  geological  ierms.  In  the  text  of  this  bulletin  various  geologic 
terms  must  be  introduced  for  a chair  technical  di'scription.  These  are 
explained  under  the  corresponding  headings.  A few  elementary  con- 
cepts are  here  jiresented,  howevei’.  i\lineralogic  and  chemical  terms 
scarcely  merit  special  explanations,  as  anyone  interested  in  the  min- 
eralogy or  chemistry  of  slate  must  concern  himself  first  with  funda- 
mental studies  in  these  i-es])ective  sciences. 

“Sedimentary”  rocks  are  rocks  laid  down  in  “layers,”  “beds”  or 
“strata,”  most  commonly  under  water.  “Bedding  planes”  are  the 
planes  of  bedding  or  strata.  Sedimentary  rocks  may  be  “solid,” 
“consolidated”,  or  “bed”  rock  (such  as  limestone,  sandstone,  or 
shale)  or  they  may  be  “ nnceniented, ” “loose”  or  “unconsolidated” 
(like  gravel,  mud,  or  sand),  depending  njion  the  degree  of  cementa- 
tion of  the  particles  with  each  other. 
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Fig.  ;j.  Diagiaiii  illustrating  the  a|)i»lieati(>ii  of  eoiiiinon  geological 

terms  to  folds. 


^ 'I’he  full  (l('firiition  iliffer.")  from  tlip  one  Riven  in  that  the  second  sentence  is  ('.xpanded 
and  reads:  “Essential  mineral  constituents  are  white  mica  (<di:efly  sericitel  and  quartz; 
nroniinent  accessory  constituents  are  tilack  mica  (hiotite),  cldorite.  and  hematite.  Minor 
accessory  constituents  are  carlionates.  masnetite,  apatite,  clay,  andalusite,  barite,  rutile 
pyrite,  graphite,  feldspar,  zircon,  tonrnialine,  and  carbonaceous  matter."  'I'he  writer  does 
not  believe  rn,,t  the  listing  of  accessory  constituents,  many  of  wliicli  may  be  absent 
from  any  iiarticniar  sjiecinien,  is  .instifled  in  a scientifically  cxa<'t  detinition;  lie  also  takes 
exception  to  tlie  mention  of  hematite  and  lilack  mica  as  prominent  constituents  since  both 
are  almost  wholly  lacking  in  many  commercially  important  slates. 
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Sedimentary  rocks  are  often  compressed  from  the  sides  throngh 
what  may  be  loosely  described  as  shrinking  of  the  crust  of  the  earth ; 
how  this  shrinking  is  brought  ahont  is,  for  the  present  purpose,  beside 
the  i)oint.  It  has  the  well-recognized  effect,  however,  that  the  layers 
or  bedding  planes  are  wrinkled  or  thrown  into  “folds.”  These  folds 
are  described  as  “anticlines,”  if  convex  upward,  or  “synclines,”  if 
convex  downward.  Their  sides  or  slopes  are  “limbs.”  The  plane 
which  divides  equally  the  angle  between  the  two  limbs  of  a sjmcline  or 
anticline  is  the  “axial  ])lane”;  its  intersection  with  any  given  bed  is 
the  “axial  line”  or  “axis”  of  the  fold.  If  the  axial  line  goes  down- 
ward in  a certain  direction,  the  fold  is  said  to  “pitch”  in  that  direc- 
tion. If  the  axial  plane  is  horizontal  or  nearly  so,  the  fold  is  said  to 
he  “recumbent.” 

In  geologic  descriptions,  when  giving  the  positions  or  attitudes  of 
beds,  where,  on  account  of  folding  they  are  inclined  planes,  a simple 
mode  of  presentation  may  be  fodowed.  A horizontal  reference  plane 
is  made  to  intersect  with  the  bedding  plane  to  be  described.  The 
horizontal  line  of  intersection  of  the  reference  plane  with  the  bedding 
l)lane  in  question  is  called  the  “strike;”  the  position  of  the  strike  is 
given  witli  regard  to  true  north, — for  example,  “Strike  N.23°E.,” 
which  means,  23  degrees  east  of  north.  An  imaginary  line  is  then 
drawn  doxcn  the  bedding  plane,  at  right  angles  to  the  strike  line; 
this  is  the  dip  line.  Its  position  in  space  is  given  by  stating  the 
horizontal  direction  of  its  doxvnivax’d  inclination,  again  with  regard  to 
true  north,  and  the  vertical  angle  which  the  dip  line  makes  with  the 
horizontal  reference  plane.  Thus,  a possible  value  consistent  ivith  the 
example  of  strike  given  above,  would  be,  “Dip  15°,  N.67°W. ”.  Since, 
however,  the  dip  is,  by  definition,  taken  to  be  at  right  angles  to  the 
strike,  the  figure  67  may  be  arrived  at  by  subtracting  the  strike  read- 
ing (23°)  from  90°;  hence,  67  can  well  be  omitted  from  the  descrip- 
tion. The  location  in  space  of  the  bedding  plane  is  therefore  accurate- 
ly expressed  by  “Strike  N.23°E.,  dip  15°N.W.” 

"Where  the  side  eomjn-ession  of  the  earth  is  severe  enough  to  break 
the  layers  or  where,  for  various  reasons,  the  strata  are  pulled  apart, 
a “fracture”  results.  Should  the  beds  on  opposite  sides  of  such  a 
fracture  move  relatively  with  regard  to  each  other,  so  that  those  on 
one  side  of  the  fracture  no  longer  match  u))  with  those  on  the  oppo- 
site side,  the  rocks  are  said  to  have  been  “faulted.”  The  plane  along 
which  the  faulting  takes  place  is  the  “fault  plane.”  The  dip  and 
strike  method  explained  above  for  bedding  planes  may  also  be  used 
for  describing  the  attitude  or  position  of  fault  jdanes.  Indeed,  any 
plane  surface  that  is  not  horizontal  has  a measurable  dip  ami  strike 
which  may  be  used  for  describing  its  attitude  in  space. 

If  in  a vertical  section,  taken  at  right  angles  to  a fault  plane,  the 
overhanging  or  “hanging”  wall  of  the  fault  appears  to  have  moved 
down  the  dip  of  the  fault  plane  relative  to  the  opposite  wall,  the  fault 
is  said  to  he  “normal.”  If  the  o]iposite  or  “foot”  wall  has  moved 
relatively  down,  the  fault  is  a “reverse”  (sometimes  also  called 
“thrust”)  fault.  Fault  planes  that  are  vertical  can  obviously  not  be 
regarded  as  either  normal  or  reverse,  since  there  is  no  true  hanging  or 
foot  wall. 

“Cleavage”  is  the  stimctural  feature  essential  to  all  slates,  which 
gives  the  slate  its  capacity  to  break  along  numerous  closely  spaced, 
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parallel,  smootli  planes.'  The  property  is  dependent  on  tlie  orientation 
of  platy  niinerals,  as  already  pointed  ont  in  definino-  slate.  These 
closely  spaced  planes  of  ])artin"  are  “cleavage  planes.”  Like  l)edding 
planes  and  fault  i:)lane.s,  cleavage  planes  have  measurable  di])s  and 
strikes. 

“Joints”  are  also  planes  of  parting.  They  are  similar  in  appearance 
and  generally  also  in  origin  to  cracks  that  form  in  walls  or  foundations 
through  various  causes  snch  as  subsidence,  simple  compression,  heat 
expansion,  or  sndden  shocks.  They  differ  from  cleavage  ])lanes  in  that 
they  (1)  are  almost  always  more  widely  sej)arated  from  each  other  and 
(2)  are  not  dei)endent  on  jiarallel  orientation  of  mineral  i^articles. 

COMPOSITION  OF  SLATE 

The  chemical  and  mineiadogical  comi)osition  of  .slate,  while  ideally 
distinct  from  that  of  other  rocks,  actually  grades  into  i-elated  forms. 
Tims,  some  slates,  snch  as  those  of  Carbon  Comity,  are  closely  related 
to  shales  and  may  therefore  be  called  clay  slates;  others,  like  those  of 
the  Peach  Pottom  district,  are  almost  schists  and  jiass  into  the  latter 
rock  type  by  imperceptible  gradations,  lienee  there  are  wide  variations 
comprised  Avithin  the  term  “slate”,  Avhich  make  any  general  descrip- 
tion unsatisfactory. 

Since  the  line  demai'king  slate  is  thus  highly  variable,  only  a very 
general  description  of  the  chemical  and  mineralogical  composition,  to- 
gether Avith  the  petrographic  appearance  of  slate,  Avill  he  gmen  here, 
leaving  a more  detailed  diseus.sion  for  the  sections  describing  the  slates 
of  individual  districts.  AVhat  follows  may  seiwe  as  background  for  a 
description  of  other  features,  such  as  megascopic  structures  or  use  fac- 
tors common  to  most  or  all  slates. 

MINERALOGICAL  COMPOSITION  AND  TIDtTURE 

The  chief  mineral  constituent  of  almost  all  slates  is  sericite,  Avhite 
mica.  Dale  interprets  Kenard’s  comimtation  of  numerous  mineralogical 
analyses  of  French  slates’  as  giving  the  folloAving  round  numbers  for 
mineral  composition,  in  order  of  importance; 


muscovite  38  - 40  ])er  cent 

quartz  31-45 

chlorite 6-18 

hematite 3 - 6 

rutile  1 - l|/b 


This  order  is  also  thought  to  hold  es|)ecially  Avith  I'cspect  to  the  first 
three  eonstitueuts,  for  most  of  the  Amei'ican  slates  examined  by  the 
Avriter  of  this  bulletin.  IIoAvever,  there  are  noteAvorthy  exceptions  to  the 
proportions  given.  Further,  a carljonate  mineral,  aipiarently  a form 
of  calcium  magnesium  iron  carbonate  isomorphous  Avith  siderite,  is  a 
A^ery  common  chemical  constituent,  notably  in  the  slates  of  the  Leliigh- 
Northampton  district  and  in  those  of  the  Carbon  County  district. 
Kaolin  is  present  in  all  of  the  less  highly  metamor])hosed  slates  and 
carbon  (graphite?)  is  a very  common  constituent,  esiiecially  in  gray 
and  black  slates.  There  are  also  in  Pennsylvania  slates  noteAvorthy 

'Dale,  T.  N.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey  Buil.  686,  p.  IP,  1914; 
Renard,  A.  F.,  Recherches  siir  la  composition  et  ia  structure  des  phyllades  ardennais: 
Mus.  roy.  hist.  nat.  Belgique,  Bull.,  vol.  3,  pp.  230-268,  1885. 
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aiuount.s  of  magnetite,  limonite,  pyrite,  l)iotite,  feldspar,  zircon,  tourma- 
line, and  andalu.site.  In  addition  Dale*^  lists,  as  occurring  in  some 
slates,  ottrelite,  staurolite,  garnet,  spliene,  anatase,  hornblende,  epidote, 
apatite,  gypsum,  pyrophllite  and  talc,  though  none  of  these  was  ob- 
served in  Pennsylvania  slates  examined  by  the  Avriter. 

Slates  are  generally  very  finely  granular  rocks,  individual  mineral 
grains  being  rarely  visible  to  the  naked  eye.  The  component  minerals 
fall  into  three  groups.  The  first  is  represented  by  more  or  less  hair-like, 
lath-like  or  platy  minerals,  Avith  their  longer  dimensiojis  parallel;  these 
convey  the  ])roperty  of  the  cleavage  to  the  slate,  and  they  preponderate 
in  all  slates  Avith  Avell  developed,  smooth  cleavage  planes.  Of  the 
])rominent  constituents,  sericite,  chlorite,  some  of  the  (juartz  (secondary 
quartz),  and  some  of  the  biotite  fall  into  this  group.  The  second  group 
consists  of  minerals  forming  more  or  less  cquidimensional  or  rounded 
grains,  generally  not  conspicuously  elongated  in  any  one  or  tAvo  direc- 
tions or,  if  so,  shoAving  no  pronounced  parallelism  in  ai-raugenient  of 
longer  dimensions.  This  group  includes  much  of  the  (juartz,  as  well  as 
the  cai’bonate  mentioned  almve,  feldspar,  magnetite,  zircon,  andalusite, 
some  chlorite,  and  some  biotite.  The  third  grouji  consists  of  minerals 
shoAving  a scattered  or  “clump-like”  distribution  and  occnrring  largely 
as  inclusions  in  other  minerals;  here  belong  es])ecially  graphite,  rutile, 
limonite,  some  of  the  carbonate  mineral,  and  some  of  the  pyrite. 

.Since  the  minerals  of  Group  1 are  in  large  part  platy,  they  show  elon- 
gation AAdien  the  section  in  Avhich  they  are  examined  is  cut  at  right 
angles  to  this  elongation,  but  platy  or  approximately  e(iuidimensional 
forms  Avhen  cut  iu  the  plane  of  the  plates. 


rilEMICAL  COMPOSITION 


For  a detailed  discussion  of  the  chemical  composition  of  slate,  the 
reader  is  referred  to  the  sections  describing  the  slates  of  individual 
districts.  In  general-,  slates  are  rocks  that  are  high  in  alumina  (aver- 
aging between  12  and  26  per  cent,  or,  say,  about  20  per  cent)  ; com- 
pared Avith  sandstones,  are  relatively  loAver  in  silica  (aATrage  35  to  59 
per  cent ) ; and  beai'  the  folloAving  per  cents  of  lesser  constituents : 


CaO 

]\IgO 

Na.,(),K.,() 

co; 


O.l-I  - 17.75  ])er  cent 
1.07-  5.47 
0.53  - 5.98 
0.11  - 11.81 


Average  values  may  be  thought  to  lie  about  midAvay  betAveen  the  ex- 
tremes given. 

In  addition  to  the  elements  and  compounds  listed,  FeG,  PeoGy,  TiO^, 
i\lnO,  BaO,  LioO,  P.dlg,  8O3,  iPh),  and  C are  generally  present. 

Much  of  the  silica  is  combined  Avith  alumina  and  oxides  of  alkalies  or 
alkaline  earths  to  form  mica  and  chlorite  molecules.  The  carbon  dioxide 
is  combined  Avith  calcium,  magnesium,  and  ferrous  oxides  to  form  the 
])roblematic  carbonate  mentioned  as  a common  mineral  constituent. 

Attention  should  also  be  directed  to  the  prejionderance  of  potassa 
over  soda  in  the  tyjtieal  analyses. 


'op.  oit.,  p.  18. 

- Hirschwald,  J.,  Hamlliueh  der  bautechiii.'ichen  GesteinspruefuiiK.  Gebr.  Borntraeger, 
Berlin,  1912,  pp.  601-(i(K). 

“Dale,  T.  N.,  op.  cit.,  p.  23. 
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The  geologic  features  deleterious  to  slate  (luarryiug  may  tirst  be 
briefly  summarized. 

A heavy  overburdeu,  either  of  uucousolidated  glacial  till  or  river  de- 
posits or  of  ])artially  disintegrated  slate,  makes  stripjjiug  operations 
prohibitively  exi)en.sive.  Tin*  overburden  is  tliscussed  belov  ( j).  Id). 

In  those  slates  where  there  are  variations  in  composition  from  bed 
to  bed,  any  irregularities  in  the  character  or  seipience  of  the  beds  may 
be  unfavorable  to  cpiarry  operations.  Thus  “ribbons”  and  “hard 
rolls”  (p.  15)  are  frequently  objectionable,  though  not  always  seriously 
so.  Siliceous  “knots”  and  graphitic  “flakes”  ( j).  17)  ai-e  deleferious. 

Cerfain  irregularities  in  the  attitude  of  bedding  or  of  cleavage  are 
undesirable.  In  general,  gently  dij)ping  l)eds  are  less  suited  to  (juarry- 
ing  than  vertical  ones.  Curved  cleavage  (p.  80)  and  false  cleavage 
(p.  35)  are  serious  disadvantages. 

Faulting  of  all  .sorts  (]n  27)  is  harmful.  Closely  si)aced  joints,  es])e- 
cially  when  intersecting  the  grain  at  other  than  right  angles,  are  trou- 
blesome in  quarrying  (p.  39). 

Finally,  excessive  quarry  water  necessitates  costly  pum])ing  and  in- 
troduces other  dangers  ( p.  63),  though  a moderate  amount  prevents 
the  slate  from  becoming  brittle. 

THE  IDEAL  SI.ATE  QUARRY 

The  conditions  most  favorable  to  successful  slate  (luainying,  on  the 
other  hand,  are  as  follows:  An  ideal  (piarry  should  have  but  little  over- 
burden of  glacial  material,  river  de])osits,  or  disintegrated  slate.  It 
should  be  supplied  with  a moderate  amount  of  water.  There  should  be 
few  or  no  conspicuonsly  siliceous  or  carbonaceous  beds  and  no  “knots” 
or  carbonaceous  “flakes”.  The  mosf  desirable  condifion  is  one  in  which 
the  beds  are  essentially  uniform  in  composition  thi-oughout  the  sequence. 
The  strata  should  be  nearly  vertical  and  with  a constant  dip.  The 
cleavage  planes  should  dip  at  a low  angle  to  the  bedding  and,  prefer- 
ably, at  a low  angle  to  the  horizontal  as  Well,  so  as  to  faciliate  quarry- 
ing’. Faults  and  false  cleavag’e  should  be  lacking*.  Ideallv  the  beds 
should  .strike  at  right  angles  to  the  grain  and  parallel  with  tlie  cleavage. 
Jointing  should  be  regular  and  preferably  of  one  system,  the  strike 
being  jiarallel  with  that  of  the  beds  and  the  dip  forming  an  angle  of 
90°  with  the  cleavage  dip. 

TOPOGRAPHY 

Steep  slopes  present  advantages  and  disadvantages.  Where  the  slope 
is  uphill  from  quarry  to  railroad  spur,  the  haulage  of  the  (juarried  slate 
is  expensive.  If  the  slope  is  dowidiill,  graA’ity  aids  in  ti’ansportation. 
A steep  slope  may  also  form  a natural  (luari’y  face.  ])ei’mitting’  quarry- 
ing with  only  a small  amount  of  cleaning  of  the  face  befoi’e  taking  out 
slate,  instead  of  the  elal)orate  and  costly  operations  of  stri])])ing,  clean- 
ing and  the  like  that  usually  precede  actual  (piarryiiig,  where  the  sur- 
face is  Hat. 
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PLATE  1. 


A.  Heavj-  overburden  at  Blue  Ridge  quai'ries,  Slatingtou. 


B.  Glacial  overburden  beneath  waste  pile,  Consolidated-Star  quaiTy, 

Bangor. 


OVEKBIKDEX 


1” 


In  a few  places,  especially  in  the  channels  of  streams,  the  fresh  slate 
appears  at  the  very  surface.  Generally,  however,  some  material  has  to 
be  removed  before  nsable  slate  is  reached. 

Most  commonly  a “rock’’  overburden — that  is,  an  appreciable  quan- 
tity of  bedrock,  Avhich,  because  of  decay  or  unfavoral)le  structural  fea- 
tures, has  to  be  removed  by  actual  quarry  methods — is  ])rohibitive  to 
economical  (juarryino'.  Xo  quarries  are  opened  if  it  is  knowii  in  ad- 
vance that  mnch  solid  waste  rock  will  be  taken  off  before  accei)tal)le 
slate  is  reached.  Hence,  the  only  ovei-burden  discussed  in  what  follows 
is  one  composed  of  unconsolidated  deposits — clay,  sand,  and  p-ravel,  or 
mixtures  of  these. 

A thick  cover,  even  thougii  only  of  nnconsolidated  materials,  makes 
quarrying’  exjiensive,  necessitating  lai'ge-scale  strii)ping  operations  with 
shovel,  drag-line,  or  hydranlic  inethods.  Further,  after  the  pit  is  dug 
and  quarrying  is  begun,  rocks  from  the  sides  may  easily  slide  or  roll 
into  the  opening,  so  that  cril)bing  or  other  ju'Otective  measui'cs  have  to 
be  employed. 

An  overburden  is  due  eitlier  to  material  transported  by  stream  or 
glacier  and  laid  down  upon  the  slate  or  to  the  gradual  development  of 
soil  in  place  throug’h  the  surface  decay  of  bedrock.  In  the  slate  districts 
of  east-central  Penns.vlvania  the  former  class  of  ovei-burden  predomi- 
nates, and  glacial  debris  is  conspicuons  in  many  places,  bnt  in  tlie  Peach 
Bottom  district,  which  lies  south  of  the  farthest  advance  of  the  ice, 
rock  decay  is  the  only  noteworthy  manner  in  which  an  overburden  is 
formed,  excejit  in  the  stream  bottoms,  wdiere  alluviation  may  cover  tlu* 
bedrock.  Even  in  the  east-central  Pennsylvania  region  the  slate  has  in 
places  been  sufficiently  weathered  to  necessitate  some  cleaning  off  of 
the  bedrock  surface  before  the  fresh  slate  is  reached. 

If  the  overburden  is  of  glacial  origin  it  consists  either  of  clay  set  with 
boulders  of  varying  sizes  or  of  bedded  gravel,  sand,  and  clay.  Stream 
deposits  also  consist  of  similar  bedded  material.  AVeathering  of  the 
slate  yields  clayey  matter  bearing  chips  and  flakes  of  slate,  the  propor- 
tion of  slate  becoming  progressively  greater  in  depth  until  unweathered 
rock  appears. 

Other  things  equal,  a glacial  cover  is  a favorable  indication  because 
the  advancing  ice  generally  stripped  the  weathered  slate  from  the  bed 
rock  surface,  leaving  fresh,  marketable  .slate  below.  To  a lesser  extent 
this  statement  also  applies  to  an  overburden  composed  of  stream-laid 
gravels.  Conversely,  if  the  region  in  question  has  not  been  glaciated 
or  eroded  l).v  streams,  .surface  deca.y  will  extend  intf)  the  slate  bedrock 
to  varying  depths,  the  change  from  soil  to  solid  rock  being  gradational. 
In  such  eases,  even  at  ap])reciable  depths,  the  slate  often  appears  at 
first  glance  to  be  usable;  l:)ut,  upon  quarrying,  it  is  found  to  bear  struc- 
tural flaws  and  poor  color,  due  largely  to  ])enetration  by  descending- 
water. 

VARIATIONS  IN  BERDING  COMPOSITION 

Though  po.ssessing  a general  similarity  in  physical  and  mineralogical 
characteristics,  slates  vary  greatly  in  detail  both  in  conqiosition  and 
structure.  These  variations  are  reflected  by  differences  in  workability 
and  use.  In  a broad  way  the  slates  from  one  district  have  characteris- 
tics which  distinguish  them  readily  from  those  of  another.  Obvionsl,v 
the  slate  which  possesses  certain  colors  or  other  desirable  qualities  will 


14 


SLATE  l.\  PENNSYLVANIA 


PLATE  2. 


A.  Typical  bandefl  haccl  slate,  from  lowest  member  of  the  Martins- 
burg  foimatioii;  the  block  is  2.5  feet  wide. 


15.  Soft  slate,  sliowiiig  alternating  carbonaceous  Jind  sericitic  banding. 


RIBBONS 


l.j 


have  jirefereiice  over  others,  and  therefore  production  from  one  districd 
may  be  favored  temporarily  or  permanently.  For  tliis  reason  some  at- 
tention must  he  paid  to  weatherin'!',  strength,  and  othei'  (pialities;  in 
describing  the  slate  of  each  region,  these  (pialities  are  discussed  under 
the  proper  headings. 

In  addition  to  differences  in  the  cliaracter  of  the  slate  from  certain 
districts,  Pennsylvania  slates,  being  of  sedimentary  origin,  also  show 
variations  from  bed  to  bed.  The  changes  in  sedimentation  constitute 
such  an  important  factor  in  the  slates  of  the  Lehigh-Xorthampton  dis- 
trict that  operations  are  generally  directed  toward  quarrying  certain 
especially  desirable  beds. 

Variations  related  to  bedding  are  discussed  in  detail  in  the  consider- 
ation of  each  district.  Here  also  are  given  reiiresentative  chemical 
and  mineralogical  analyses.  Certain  outstanding  features  introduced 
during  dejiosition  of  the  slate  beds  and  common  to  the  slate  in  all  or 
at  least  many  of  the  districts,  may  he  mentioned  here. 

Satidy  beds.  Hard,  .sandy  beds,  variously  referred  to  as  “flint,” 
“sparry  beds”,  and  “hard  rolls”,  are  objectionable  for  several  rea- 
sons. For  one  thing,  where  the  cleavage  crosses  them  it  is  likely  to  form 
an  angle  gently  inclined  to  the  cleavage  in  the  more  argillaceous  layers, 
instead  of  parallel  to  and  continuous  with  the  latter;  indeed,  if  the  layer 
is  rich  enough  in  sand  grains,  true  cleavage  may  be  lacking  altogether, 
the  jmrting  planes  of  the  bed  being  sharp,  widely  spaced,  and  irregular, 
somewhat  after  the  manner  of  most  jointing.  At  best  the  cleavage  in 
crossing  such  a layer  is  deflected  from  its  true  course  through  a gentle 
curve.  Furthermore,  these  .sandy  layei-s  are  hard  to  drill  and  cut,  so 
that  the  wear  on  tools  is  excessive. 

“Ribbons.”  In  the  Peach  Bottom  district  all  the  beds  are  alike  in 
composition  and  the  slate  is  uniform  in  color  and  texture.  In  the 
“soft”  slate  of  the  Lehigh-X'orthampton  district,  on  the  other  hand, 
some  beds,  called  “ribbons”,  are  exce]ffionally  rich  in  carbon.  For 
millstock,  wliere  decorative  effects  are  desired,  “ril)l)oned”  slate  is 
looked  on  with  favor.  For  most  other  uses  slate  that  is  free  from  rib- 
bons is  jireferred,  for  the  following  reasons:  (1)  since  the  “ribbons” 
appear  as  exceptionally  dark  .streaks,  they  prevent  the  use  of  the  slate 
where  a unicolored  surface  is  desired:  (2)  when  subjected  to  continued 
abrasion,  the  “ribbons”  disintegrate  more  rapidly  than  the  rest  of  the 
slate,  as  is  well  seen  in  the  paving  blocks  in  Bangor;  (3)  becau.se  of 
their  carbon  eontejit,  the  “ribbons”  ])ermit  the  leakage  of  electricity; 
hence  “riblmned”  slate  does  not  serve  well  as  an  electrical  insulator. 

In  the  “hard”  slate  of  the  Lehigh-Xorthampton  district,  “ribbons” 
or  beds  distinguished  in  color  from  those  above  and  below,  also  exist, 
but  here  the  banding,  thougli  dne  in  many  cases  to  variations  in  the 
amount  of  carbon,  is  also  caused  by  differences  in  silica  content  and 
there  are  thus  abrupt  and  repeated  alternations  of  carbonaceous,  si- 
liceous, and  originally  clayey  (now  sericitic)  layers.  The  siliceous 
layers  are  slightly  more,  the  carbonaceous  layers  somewhat  less  resistant 
to  abrasion  and  chemical  corrosion  than  the  sericitic  beds,  but  the  dif- 
ferences are  not  great  and  the  slate  splits  and  weathers  on  the  cleavage 
plane  wuth  essential  uniformity.  As  the  separate  layers  are  thin,  clear 
stock  is  not  available  and  hence  thei'e  is  no  reason  for  wishing  to  quarry 
any  individual  bed  or  group  of  beds,  the  .slate  being  al)Out  equally  satis- 
factory in  any  part  of  the  scpience  within  wide  limits. 
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PLATE  3. 


A.  Clcavafje  surface  of  slab  of  slate  showiii”-  earbonate  “knots”;  from 
<|uaiTy  at  A(iiiashieola,  (Au'bon  t'ounty  district. 


1>.  Alternatiiif*  sandy  and  slaty  layers  in  ^Martinsbnrft  foi-niation, 
showiii”’  enrvatni’e  of  (ieavaf>'o  as  it  crosses  tbe  beds.  The 
beds  are  overtuiaied. 


KNOTS 


IT 


Some  of  tlie  slates  of  Adams  County  whieli  were  formei’ly  worked 
also  show  color  banding  similar  to  the  “haril”  slates  of  the  Lehigh- 
Xorthamplon  district;  in  this  case  variations  in  color  seem  to  he  due 
chiefly  to  differences  in  iron  content,  though  the  carbon  and  lime  con- 
tent also  fluctuates  from  bed  to  bed;  despite  the  very  light  color  of 
some  of  the  layers,  the  calcite  content  is  negligible. 

Carbonate  “knots'".  The  slate  from  Carbon  County  has  browui-rust- 
ing  areas  occurring  parallel  to  the  stratification ; certain  beds  lacking 
these  areas  are  preferred,  l)ut  not  enougli  is  known  about  the  details  of 
the  sequence  to  permit  the  selection  of  definite  beds  or  areas  in  advance 
of  opening.  These  “knots”  are  discussed  further  in  the  section  dealing 
with  the  Carl)on  County  district. 

Calcareous  layers.  Layers  of  calcareous  matter,  generally  not  ex- 
ceeding an  inch  in  thickness,  are  ])resent  in  some  banded  slates,  espe- 
cially in  the  Lehigh-Northampton  district.  As  the  cleavage  planes 
are  generally  comj)letely  interrupted  or  at  least  sharply  deflected  in 
crossing  them,  such  layers  present  serious  difficulties.  The  only  ad- 
vantage to  be  gained  is  in  the  role  they  play  as  horizon  markers  when 
the  location  of  a newly  opened  quarry  in  the  stratigraphic  se(iuence  is 
to  be  determined,  their  relation  to  certain  workable  beds  being  known. 

Siliceous  “knots”.  Here  and  there  on  the  cleavage  planes  are  fre- 
quently visible  small  areas  more  resistant  to  abrasion  than  the  rest  of 
the  rock.  "When  the  surface  is  polished,  such  areas  appear  somewdiat 
darker  than  the  rest  of  the  slate.  As  proved  by  microscopic  examina- 
tion, they  consist  of  an  aggregate  of  finely  granular  quartz,  surrounded 
by  the  sericite  of  the  slate.  They  probably  represent  spots  where  (piartz 
grains  were  fortuitously  aggregated  during  the  period  of  deposition’. 

Graphitic  “flakes”.  Not  uncommonly  in  the  slate  of  the  Lehigh- 
Northampton  district,  a thick  bed  of  clear  slate,  with  the  light  gray 
color  characteristic  of  good  electrical  material,  bears  irregular  masses 
or  “flakes”  showing  more  than  the  usual  carbon  content.  These  carbon 
“flakes”  permit  electrical  leakage,  as  was  demonstrated  by  Robert 
Notvest,  formerly  of  the  Structural  Service  Bureau ; Notvest  found 
that  the  carbon  particles  form  small  condensers  that  facilitate  leakage. 
In  the  case  of  Pennsylvania  slates,  Notvest  reached  the  conclusion  that 
leakage  not  attributable  to  moisture  is  due  to  the  existence  of  “an  ex- 
cess of  carbonaceous  substances”.- 

Weathering  along  the  beds.  In  some  regions,  especialH  in  the  Peach 
Bottom  district,  weathering  that  takes  the  form  of  rusting  through 
oxidation  of  iron  compounds,  is  observed.  Strictly  speaking,  this  is 
a feature  developed  later  than  deposition,  yet  it  is  related  to  sedinien- 
tarj^  processes  in  so  far  as  it  is  controlled  by  bedding  planes.  In  the 
Peach  Bottom  district  the  weathering  frequently  follows  what  appears 
to  be  definitive  bedding ; other  evidence  as  to  the  presence  of  bedding 
planes  is  lacking,  however,  and  there  is  corresponding  uncertainty 
whether  the  open  fracture  planes  along  which  “rusting”  is  so  well 
marked  are  to  be  regarded  as  bedding  or  joint  surfaces. 

* Behre,  C.  H.,  Jr.,  Slate  in  Xorthampton  County,  Pennsylvania:  Pa.  Top.  and 
Geol.  Survey  Bull.  M-9,  p.  98,  1927. 

-Slate  for  structural  uses:  The  Structural  Slate  Co.,  Pen  Argyl,  Pa.,  pp.  28-29,  1923. 
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PLATE  4. 


A.  Repeated  faulting'  of  a caleareoiis  bed,  Albion  quarry,  Pen  Argyl. 


B.  Minutely  fraetured  ealeareous  bed  on  northeast  wall,  lowest  level 
of  Northampton  quan-y,  Bangor. 


(’OLOU  AND  WEATHERING  CHANGES 


ly 


COLOR  AND  WEATHERING  CHANGES 

Color  of  fresh  slate.  Color  is  so  important  a factor  in  llie  utiliza- 
tion of  .slate,  est)ecially  in  roofing  and  paving,  tliat  it  merits  at  least 
brief  consideration  here.  In  .selecting  slate  for  architectural  uses,  it  is 
generally  desirable  to  standardize  the  color  not  only  of  the  fresh  slate, 
bnt  also  of  the  weathered  material.  To  date  very  little  i)rogre.s.s  has 
been  made  in  this  direction  in  America.  A ])Ossible  reference  scale  is 
furnished  by  the  modified  form  of  Kidgway's  color  chart  prei)ared 
throngh  the  National  Research  Conned.^ 

All  true  slates  quarried  in  Pennsylvania  are  gray  in  color,  typical 
of  the  “slate  gray’’  of  common  jiarlance  and  shading  toward  bine  or 
steel.  On  the  chart  referred  to  these  are  most  nearly  represented  l)y 
or  “neutral  gray  A”.  Carbonaceous  bands  are  usually  a 
darker  variant  of  the  same  color.  Subdivi.sions  among  the  grays  are  not 
adequately  made  as  yet  by  color  technicians;  hence  it  is  impossible  to 
classify  the  slates  more  closely.  Some  of  the  clay  slates  of  Adams 
County,  now  no  longer  quarried,  have  a lavender  tint  ap]n-oaching 
or  “I'VA”  in  color.  In  addition,  there  are  shaly  beds  in  the  mid- 
dle member  of  the  Martinsbnrg  formation,  as  exposed  in  the  Lehigh- 
Xorthampton  di.strict,  which  have  red,  green,  and  ]nirj)le  colors,  but 
as  they  possess  little  tensile  strength  and  only  ])ooriy  develojied  slaty 
cleavage,  they  cannot  be  split  into  rooting  slate  and  are  oidy  used  in 
crushed  on  ground  form.- 

Color  changes  on  weathering . From  a commercial  standpoint,  the 
“weathering”  of  roofing  slate  involves  two  ty])es  of  changes:  (1)  the 
very  slow  di.sintegration,  taking  place  in  periods  of  time  measured  in 
many  centuries,  which  ends  in  the  formation  of  a clay  rich  in  mica  and 
(2)  the  relatively  rapid  change  in  color,  usually  noticeable  in  a century 
or  two  of  exposure.  To  the  latter  process,  the  term  “color-aging” 
might  well  be  apjdied,  to  separate  it  from  the  later  stages  of  extensive 
disintegration,  Avhieh  are  discussed  in  a later  section  of  this  report. 

Almost  all  slates  show  a .slight  change  in  color  after  jn-olonged  ex- 
posure to  the  Aveather,  the  change  varying  greatly  in  intensity,  in 
rapidity,  and  in  the  more  nearly  ])ermanent  color  finally  devtdoped. 
Slates  Avhieh  change  color  noticealily  on  short  ex])osnre — say,  in  three 
or  four  years — are  called  “fading”  slates.  Some,  but  by  no  means  all, 
of  the  green  slates  of  Vermont  may  serve  as  examjdes.  Of  those  Avhieh 
change  more  sloAvly,  the  red  slates  become  broAvnish,  the  black  slates 
fade  to  a dark  gray,  and  the  blue-gray  slates  become  lighter  in  color  or 
assume  a faintly  rusty  hue.  Such  gradual  color-aging  is,  as  Eckel  and 
BoAvles  say,  not  necessarily  deleterious;  it  may  actually  be  faAmrable, 
producing  a more  pleasingly  blended  tone,  if  only  the  change  is  fairly 
uniform.^  Naturally,  color-aged  slates  are  not  readily  re])laced  and 
a fresh,  uiiAveathered  slate  makes  a startling  splash  of  color  on  an  other- 
Avise  age-blended  roof. 

EckeP  states  that  color-aging  is  in  general  least  noticeable  among 
the  black  and  gray  slates,  and  that  green  slates  are  the  most  doubtful ; 
IlirscliAvald,  on  the  other  hand,  regards  the  red  and  green  .slates  as  hav- 
ing the  most  permanent  colors,  and  the  black  ami  gray  slates  as  more 

1 Goldman,  M.  I.,  and  Merwin,  H.  E.,  Color  chart  for  the  description  of  .sedimentary 
rocks:  National  Research  Council,  Division  f)f  Geology  and  Geography, 

- Recently  under  the  auspices  of  the  Greater  Pennsylvania  Council  studies  have  been  in 
progress  on  permanent  artillcial  coloring  of  Pennsylvania  slate. 

^ Eckel,  E.  C.,  Building  stones  and  clays,  pp.  lOiPlln,  .John  AViley  and  Sons,  New  York, 
1912;  Bowles,  Oliver,  The  technology  of  slate,  U.  S.  Bur.  Mines  Bull.  218,  pp.  12-13,  1922. 

■*  Op.  cit. , p.  109. 
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likely  to  fade/  The  difference  between  the  two  writers  is  probably 
nioi-e  ai)])arent  than  real,  and  de])ends  largely  on  their  differing  ex- 
perience. It  has  been  the  ])resent  writer’s  observation  that  the  fading 
green  slates  of  Vermont  are  the  least  permanent.  Of  other  slates,  the 
green,  red,  and  gray  colors  are  generally  about  ecpially  permanent  iii 
the  long  rnn,  althongh  the  soft  .slates  of  the  Lehigh-Northampton  dis- 
trict become  very  faintly  but  uniformly  paler  in  color  shortly  after 
exposnre.  The  Peach  Bottom  slates  show  virtually  no  color  altera- 
tion through  very  long  exposure  jmriods.  In  none  of  the  slates  studied, 
except  in  the  fading  green  slates  of  the  Vermont  region  and  in  the  Car- 
bon Comity,  Pennsylvania,  district,  is  the  change  snffieiently  noticeable 
in  the  lifetime  of  the  building  to  merit  serious  consideration.  The 
original  color — that  is,  whether  green,  red,  or  gray — is  nsnally  far 
more  important  than  the  slight  changes  due  to  Aveathering. 

The  causes  of  marked  color-aging  in  slates  are  variable.  Some 
changes  are  doubtless  due  to  the  presence  of  iron  snljihides;  of  these. 
marca.site  oxidizes  and  hence  discolors  the  slate  far  more  rapidly  than 
pyrite,  but  it  is  seldom  found.  IlirscliAvald  mentions  the  fading  of  dark 
slates  through  the  oxidation  of  their  carbon  compounds^  and  presum- 
ably also  of  their  carbon.  Dale  describes  Peach  Bottom  slate  Avhich  in 
the  earlier  Aveathering  stages  shows  the  magnetite  masses  passing  into 
hematite,  and  andalnsite  crystals  becoming  limonitic  throngh  oxidation 
of  ferruginous  inclusions." 

By  far  the  greater  ])art  of  color-aging,  both  desiralde  and  deleterious, 
IjoweATr,  seems  to  be  due  to  the  presence  of  considerable  carbonate, 
especially  that  rich  in  iron.  Generally  this  is  least  in  the  dark  gray 
slates®,  but  even  in  these  it  may  be  plentiful.  Careful  investigation 
by  Dale  and  Ilillebrand^  shoAved  that  mncli  of  the  mineral  matter  pres- 
ent in  many  slates  is  an  isomoriAhous  mixture  consisting  of  the  carbon- 
ates of  calcium,  magnesium,  manganese,  and  iron.  The  presence  of  the 
iron  may  be  inferred  from  chemical  analyses,  but  it  may  also  be 
demonstrated  by  broAvn  alteration  areas  in  Aveathered  s])ecimens,  Avhich. 
under  the  microscope,  clearly  shoAV  as  limonite, — a fact  first  pointed 
out  by  Dale®.  Since  cold,  very  dilute  solutions  of  acids  are  more  ef- 
fective in  attacking  carbonates  of  the  bivalent  metals  than  are  cold, 
dilute  solutions  of  the  alkalies  and  alkaline  earths,  and  since,  further- 
more, the  air  contains  and  gives  to  rain  Avater  more  acid  than  basic 
matter,  it  is  the  Aveak  acids  that  most  generally  bring  about  the  Aveatli- 
ering  and  color-aging  of  slate.  Dale,  NotAmst,  and  Lancaster  (at  the 
Avriter’s  suggestion)  carried  out  independent  studies  Avhicli  bear  on  this 
effect®,  as  Avell  as  shedding  some  light  on  the  Aveathering  of  slate  in 
general.  The  approach  of  Dale  Avas  partly  petrographic,  partly  chemi- 
cal. Those  of  Notvest  and  Lancaster  Avere  both  essentially  chemical; 
these  tAVO  investigators  used  solutions  so  strong  as  to  be  A\diolly  ab- 
normal (1/4,  1/ld,  and  1/20  normal),  and  long,  continued  periods  of 
complete  immersion,  to  produce  accelerated  “Aveathering”.  All  such 
studies  showed  that,  in  the  case  of  the  Pennsylvania  Lehigh-Northamp- 
ton slates,  the  first  and  most  conspicuous  change  Avas  the  removal  of  the 


1 Hirschwalcl,  J.,  Handbuch  der  bautechnischen  Gesteinspruefuiig,  p.  613,  Berlin,  1912. 
^Dale,  T.  N.,  op.  cit.,  p.  53. 

“Eckel,  E.  0.,  Building  stones  and  clays,  pp.  108-10!),  Jolin  Wiley,  New  York,  1912. 
‘Dale,  T.  N.,  op.  cit.,  pp.  50  and  110. 

“Op.  cit.,  p.  140. 

“Dale,  T.  N.,  op.  cit.,  pp.  53-55;  Notvest,  Robt.,  Tile  resistivity  of  slate  against 
acids  and  alkalies,  p.  C,  privately  published,  1925;  Lancaster,  0.  L.,  oral  communication. 
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carbonates  of  lime  and  iiiafrnesia,  and  the  oxidation  of  tlie  ferrous  car- 
bonate to  a linionite,  Avitli  deposition  of  tlie  latter.  It  is  tliis  Avliich 
fjives  tlie  faint  brownin"  or  rnstin<r  to  the  slate.  The  cban>>:e  is  most 
marked  in  the  case  of  nitric,  hydrochloric,  and  acetic  acids;  sulphuric 
acid  keejis  the  iron  in  solution,  jiresnniably  as  ferrous  sulphate,  and  the 
effect  of  alkalies  is  imponderable.  It  should  be  clearly  understood  that 
these  changes  are  very  slow  and  essentially  not  measurahle  excejit  where 
“acceleration”  is  tleliberately  jirodnced  hy  the  use  of  abnormally 
strong  concentrations  of  the  reafi'ents. 
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FOLDS 


Chanicfer  of  folds.  The  common  “cologic  terms  used  in  descrihinj^ 
folds  and  the  position  of  folded  beds  have  already  been  defined  on  a 
previous  page.  (See  also  Pa.  Top.  and  Geol.  Survey  Pulletin  G-l). 

Onlj"  the  most  generalized  statements  can  be  made  as  to  the  folding 
in  the  Pennsylvania  slate  regions.  For  details  the  reader  is  referred 
to  the  descriptions  under  each  district  and  to  the  corresjionding  struc- 
ture sections.  In  the  Peach  Bottom  district,  bedding  is  so  poorly  defined 
that  only  inferences  regarding  the  structure  are  ]K)ssible. 

As  a rule,  the  folding  is  of  the  “similar”  tyjie,  with  noteworthy 
thickening  on  troughs  ami  crests  and  thinning  in  the  limbs.  The  folds 
have  ]ntehing  axes,  with  variations  in  the  opening  angle  between  the 
limbs.  There  is  generally  a marked  tendency  toward  northward  over- 
turning which  varies  from  a few  degrees  off  the  vertical  to  a nearly 
horizontal  position.  Thus,  the  axial  planes  at  Slatington,  in  the  Le- 
high-Northam))ton  district,  dip  steejily  south,  whereas  those  at  Bangor, 
only  twenty  miles  farther  east,  have  been  rotated  to  the  horizontal 
])osition. 

In  many  ])laces,  especially  where  the  axial  ])lanes  depart  from  the 
vertical,  the  element  of  i)itch  may  introduce  additional  complications. 
Further,  with  pitching  axes  and  inclined  axial  ])lanes.  the  axial  lines 
are  curved  on  the  horizontal  reference  plane,  and  in  at  least  one  in- 
stance— that  of  the  fiat  syncline  at  Bangor — there  is  a suggestion  that 
the  almost  horizontal  axial  ])lane  has  even  suffered  war])ing  in  a vertical 
direction. 

Thinning  and  fhirkening  of  hcd.'^  hg  folding.  i\fany  hods  show  varia- 
tions in  thickness  due  to  folding.  Illustrations  of  this  fact  are  most 
numerous  in  the  cpiarries  of  the  Lehigh-Noiffham])ton  district — notably 
at  the  Old  Bangor,  New  Peerless,  and  North  Bangor  (piarries  near 
Bangor  and  in  the  Eureka  and  nearby  (piari-ies  at  Slatington.  (Quanti- 
tatively it  is  shown  by  the  following  table,  which  re])resents  the  measure- 
ments of  a single  bed  in  different  parts  of  a synclinal  fold  that  is  over- 
turned to  the  north  : 


Table  A 


Thickness  (/f  I’cn  Argj/I  drag  bed  in  Albion  (Juarrg,  Pen  ArggI 


Deiffh  below  surface,  feet. 


Dip  of  bed. 


Thickness  in  inches 


120 

275 

285 


85 


0 


54 

80 

79 

112 

118 
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PLATE  5. 


A.  Tliiokeiiing  of  big  bed  at  synclinal  axis,  Eureka  quarry,  near 

Slatington. 


B.  Extreme  tbickening  of  beds  in  fold  of  liai-d  slate,  Edelman  quarry, 
Li“bigli-Nortbanii)ton  district. 
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It  is  seen  that  the  thicknesses  are  greater  Avhere  the  dip  reverses, — that 
is,  near  the  axis  of  the  fold. 

The  extreme  of  the  axial  thickening-  of  beds  is  to  he  looked  for  in 
places  where  the  folding  is  very  hat  and  where  there  is  a single  dominant 
fold — as  in  the  Old  Bangor  syncline — rather  than  a series  of  folds 
lying  one  above  the  other  and  with  axial  planes  about  paradel,  as  in 
the  Albion  quarry.  This  might  be  expected,  as  the  actual  length 
of  material  available  for  packing-  at  the  synclinal  or  anticlinal  trough 
or  ridge  is  less  when  the  beds  are  thrown  into  repeated  close  folds,  the 
distance  from  trough  to  crest  being  less. 

i\Ioreover,  the  figures  cited  in  Table  A not  only  suggest  a thickening 
at  the  axis,  but  also  a greater  thickness  on  the  north  than  on  the  south 
limb  of  the  syncline, — a response  to  thrust  from  the  south.  This  asym- 
metrical thickening  on  the  north  limb  is  also  shown  by  the  following 
comparisons  between  thicknesses  in  the  Old  Bangor  and  Columbia 
Bangor  quarries;  the  data  from  the  Old  Bang’or  quarry  are  from  the 
upper  or  south  limb  of  a northward  overturned  syncline,  whereas  those 
from  the  Columbia  Bangor  were  obtained  on  the  lower  or  north  limb 
of  the  next  lower  fold ; they  therefore  furnish  a comparison  betw-een 
the  north  and  south  lindjs  of  comparable  structures. 

Table  B 

Name  of  bed  Name  of  quarry  Dip  of  bed  Thickness,  inches 


Middle  big  bed  (Old  Bangor  20°S  42 

I Columbia  Bangor  44°N  122 

Gray  bed  jOld  Bangor  20°S  34 

I Columbia  Bangor  44°N  132 


Greater  thickness  of  beds  on  the  north  sides  of  synclines  is  to  be  ex- 
pected in  northward  recumbent  or  tipped  folds,  especially  if  the  folds 
rise  to  the  south  and  have  axial  planes  dipping-  southwardb 

Inter preiation  of  foldsd  structures.  In  most  of  the  districts  here 
described,  there  are  no  fossils,  and  the  primary  sedimentary  features 
from  Avhich  structure  might  be  inferred,  such  as  cross-bedding  and 
ripple  marks,  are  lacking,  or  nearly  so.  Nevertheless,  many  (piarries 
show  folds  in  which  the  beds  of  one  limb  are  clearly  invertetl ; it  is 
obvious  therefore,  that  some  method  must  be  used,  especially  -where  ex- 
posures are  few  or  small,  for  dtstinguishing,  for  example,  between  beds 
dipping-  southward  and  lying-  on  the  north  limb  of  a symmetrical  syn- 
cline and  beds  dipping  southward  but  on  the  south  limb  of  a north- 
ward recumbent  syncline.  The  clue  to  such  a distinction  is  furnished 
by  the  cleavage,  or  plane  of  easiest  parting  in  slate. 

It  has  long  been  kno-wn  that  the  cleavage  in  slate  tends  to  parallel 
the  axial  planes  of  the  folds  and  thus  to  bisect  the  angle  formed  by 
the  two  limbs.  Where  the  beds  dip  southward  more  steeply  than  the 
cleavage  they  must  therefore  be  overturned  and  on  the  south  synclinal 
limb;  if  the  cleavage  has  the  steeper  dip,  the  beds  are  on  the  north 
limb.  Further,  if  on  the  horizontal  surface  the  cleavage  trace  is  parallel 
■with  the  bedding  trace,  the  axis  of  the  fold  is  horizontal.  But  -where 
the  cleavage  and  bedding  traces  intersect,  it  is  obvious  that  the  fold 


^ See  also  Behre,  C.  H.,  Jr.,  Observations  on  structures  in  tbe  slates  of  Xorthampton 
County,  Pennsylvania;  Jour.  Geol.,  vol.  XXXIV,  pp.  490-491,  1926. 
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pitc-lies,  and  in  sueli  cases  the  relation  between  strike  and  dip  of  bedding 
and  cleavage  planes  fnrnislies  the  clue  to  the  direction  of  the  pitch. 
Tiieise  facts  are  illustrated  by  Figure  4. 


EMg.  4.  Ideal  relations  between  cleavage,  axial  plane,  and  bedding  in 
syininetiical  fold  (on  left)  and  in  fold  overtunied  to  the  left  and 
l)itehing  toward  tbe  reader  (on  right);  traces  of  cleavage  planes  are 
rei)resented  on  front  and  top  of  models;  axial  planes  also  shown, 

parallel  to  cleavage. 

Method  of  projecting  folded  beds.  Tbe  vertical  dej)tb  of  exposure 
ill  any  given  place  in  tbe  region  studied  is  so  slight  that  a general 
method  bad  to  be  devised  for  interiireting  structures  and  projecting 


Fig.  5.  To  illustrate  methods  of  restoring  folds  on  basis  of  relations 
between  cleavage  and  bedding.  A.  Left,  beds  overturned  to  left; 
right,  bed,s  normal.  B.  Restoration  of  dij)  of  beds  with  dejith.  C. 
Deteiinination  of  true  structure;  dotted  lines  incorrect,  dashed  lines 

correct  inter])retation. 
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dips.  Tliree  priiic'ij)leS  may  l)e  applied.  The  first  is  that  in  ytmei'al, 
cleavaji'e  aipiroximately  l)iseets  tlie  opening  aii”'le  l)etween  tlii*  (ipi)osite 
liml)S  of  a fold;  or,  to  j)ut  it  dift'ei’eiitly,  the  eleava^'e  planes  are  parallel 
to  tlio  axial  ])lane.s  of  folds.  The  second  is  a corollary  of  the  tii'st, 
namely,  that  a dip  observed  at  the  surface  is  duplicated, in  de|)th  at 
the  intersection  of  each  snccessive  bed  with  the  cleavage  plane  s(H‘n 
at  the  surface  where  the  dip  was  read.  The  third  princi|)le  is  l)as(Hl 
on  emi)irical  ol)servation  : in  all  of  the  slate  formations  of  Pennsyl- 
vania it  hap])ens  that  the  observed  normal  structure  is  fecumlamt  oi-  at 
least  tilteil  folding,  tipi)ed  to  the  north.  The  application  of  these 
methods  is  illu.strated  by  Figure  5. 

Economic  significance  of  folds.  In  some  slate  deposits  the  entii’e 
thickness  of  the  rock  is  workable,  and,  if  the  other  structural  features 
are  favorable,  exploitation  may  he  carried  on  anywhere  within  the 
slaty  member  or  formation.  As  far  as  could  he  ascertained  by  a study 
of  the  cpiarries  in  ^Maryland,  just  south  of  the  Pennsylvania  line,  this 
applies  in  the  Peach  Bottom  (listrict.  In  a general  way,  it  is  true  also 
for  the  “hard”  slate  belt  of  the  Lehigh-Xorthamjdon  disti'ict.  In 
Carbon  County  and  still  more  recognizably  in  the  “soft”  belt  of  Le- 
high, Northampton,  and  Berks  counties,  however,  certain  valuable 
beds  are  es])ecially  sought,  and  the  slate  above  and  below  is  so  rela- 
tivel.v  valueless  that  removing  it  is  avoided  when  po.ssible. 

Where  such  selective  quarrying  is  desirable  the  most  important 
single  effect  of  folding  is  evidently  the  difficulty  introduced  iii  finding 
or  following  a particulai-ly  desirable  sti’atum.  The  approximate  posi- 
tion of  such  a bed  is  genei-ally  known,  both  stratigrai)hically  and 
areally,  from  observations  in  other  nearby  (piarries.  The  ])roblem 
then  is  to  understand  how  the  beds  are  fohh'd  and  where  on  the  sur- 
face a certain  member  of  the  series  will  a])pear.  ("tbviously,  the  more 
nearly  the  di]")  approaches  the  vertical,  the  more  closely  does  the  line 
of  ontcro])  approximate  the  strike.  On  the  othei’  hand,  the  outcro]) 
of  beds  that  are  hat-lying  or  nearly  so  is  greatly  affected  by  hills, 
valleys,  and  other  variations  in  the  topogra])hy  and  swings  more  or 
less  irregularly  across  the  landsca])e  in  resjxuise  to  these  features. 


Fig.  0.  Section  llii'ougli  raiiil)i‘i<loe  iiiiiie  at  Slatingtoii,  Tjchigli- 
\<n'tliain|>ton  district,  illusiratiiig  inetliod  of  following  bed  down  dip 

by  slope  inining. 
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Tlie  attitude  of  the  strata  also  affects  the  manner  of  quarry  opera- 
tion after  the  desired  bed  is  located.  Thus  at  Bangor,  where  the  beds 
lie  flat,  stripping  and  large-scale  quarrying  are  the  methods  in  com- 
mon use,  and  extracting  the  slate  of  a particularly  desirable  bed  is 
a very  expensive  operation  because  of  the  surface  area  that  must  be 
opened;  examples  measure  1000  by  500  feet  (Consolidated-Star  quarry) 
and  1200  by  500  feet  (Old  Bangor  quarry).  At  Pen  Argyl,  however, 
the  beds  are  almost  vertical  and  openings  can  be  made  relatively  small 
and  shaft-like,  the  greater  areal  dimensions  being  the  width  along 
the  strike ; great  depth,  rather  than  surface  area,  is  attained.  At 
Slatington  the  beds  are  also  nearly  vertical  but  show  repeated  turns 
at  shallow  depths ; mining,  especially  the  sinking  of  shafts  to  the  more 
nearly  horizontal  crests  and  trouglis  of  anticlines  and  synclines,  has 
therefore  been  re.sorted  to,  with  considerable  success  (see  Figures  6 
and  7) . 


SOUTH  NORTH 

CUSTER  MIRE  EMP/RE  QUARRY 


Fig.  7.  Section  through  Custer  mine  near  Slatedale,  Lehigh-North- 
ampton  district,  illustrating  shaft  ai)proach  in  mining  beds  tliat  do 

not  outcrop. 


Fig.  8.  Sketcli  maj)  showing  effect  of  pitch  at  quarries  near  Eureka, 
west  of  Slatington,  Ijehigh-Northani])ton  district.  Tliree  hig  beds — 
the  Klondilce  (above),  Upper  Star,  and  Lower  Star  (below) — appear 
in  a syncline,  with  an  anticline,  to  the  south;  die  syncline  pitches  west. 


FAULTS 


Pitch,  too,  most  be  allowed  for,  in  considering  the  availability  of  a 
desirable  slate  bed.  Thus,  adjacent  properties;  along  the  strike  are 
not  always  equally  promising.  At  Eureka,  about  a mile  northwest 
of  Slatington,  in  the  Lebigb-Nortbampton  district,  a group  of  six 
closely  spaced  quarries  lias  been  opened  in  a syncliue.  The  fold  in- 
cludes two  especially  valuable  beds, — the  Klondike  big  bed  above  and 
Upper  Star  big  bed  below.  These  two  beds  are  exposed  in  the  four 
Avesterly  quarries  but  the  Klondike  bed  is  not  reached  by  the  more 
easterU'  operations  because  of  the  westerly  ])itcb  of  the  fold  (see 
Figure  8). 

The  thickening  and  thinning  of  beds  must  obviously  be  taken  into 
account.  Hence,  other  structural  features  being  the  same,  it  is  gen- 
erally more  advantageous  to  quarry  near  the  crests  or  troughs  of  folds 
than  on  the  thinned  limbs;  and,  if  the  choice  is  ])ossible,  the  north 
limb  of  a syncline  (or  south  limb  of  an  anticline)  is  ])referred,  for 
reasons  stated  above. 


FAULTS 

On  the  whole,  faults  are  not  consjucuous  in  the  slate,  because  the 
easiest  adjustment  in  argillaceous  beds  is  by  i)lastic  "bowage”  or,  if 
the  pressure  becomes  very  great,  by  recrystallization.  In  the  Peach 
Bottom  district  no  true  faults  are  known.  Within  the  Carbon  County 
district  no  faults  are  known  to  affect  the  slaty  beds  in  the  region  where 
they  have  been  worked.  Only  in  the  Lebigb-Xortbam])ton  district  are 
faults  that  cut  the  slate  of  noteworthy  importance ; for  a description 
the  reader  is  referred  to  the  detailed  discussion  of  that  I'egion. 


Fig.  9.  Di-awing  of  a small  thrust  fault  that  preceded  cleavage  de- 
velopment of  the  slate;  width  of  block  sketched  Is  12  inches.  From 
mill  of  West  Bangor  quari*j-,  Lehigh-Xorthampton  district. 


In  general,  throughout  the  various  .slate  regions  of  the  Ap])alacbian 
(Mountains,  there  are  two  types  of  faults.  The  first  of  these  is  repre- 
sented by  thrust  faults  of  relatively  large  hoi'izontal  displacement, 
in  which  the  fault  plane  is  roughly  parallel  to  the  ])laue  of  cleavage 
and  the  axial  planes  of  the  folds.  Tlie  second  consists  of  faults  with 
smaller  dispacement,  the  ])lanes  of  which  generally  cut  the  axial  planes 
of  folds  at  high  angles;  these  show  chiefiy  vertical  movements  and 
are  commonly  normal  faults,  although  high-angle  reverse  faults  are 
also  known. 
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PLATE  (f. 


A.  (ieiitly  curved  (■le;iva<>e;  this  slal)  can  he  used  desi)itc  the  cnrva' 
tnre  of  the  cleavaf^e;  X’ew  Peerless  quai-i'y. 


IJ.  Relation  hetwecni  cleavafic  (“split”),  heddiii)*,  and  "rain  in  a 
block  of  slate;  the  surface  in  the  plane  of  the  page  is  grain.  Traces  of 
Ix'dding  (B)  itnd  of  cleavagt'  (.A)  are  visible  in  the  i)lane  of  the  grain. 


CLEAVAGE 
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CLEAVAGE 

Terms  defined. — The  term  “cleavage”  has  been  ai)i)lied  to  tliree  dif- 
ferent structures  in  slate.  It  has  been  used  to  designate  j)arting  along 
numerous,  close-spaced,  and  parallel  planes  that  bear  no  relation  to 
bedding;  this  is  true  “cleavage”  and  the  use  of  the  term  should  he 
restricted  to  this  feature.  The  term  has  also  been  aj)plied  to  a ten- 
dency to  part  along  small,  joint-like  openings,  moi-e  closely  isi)aeed 
than  joints,  hut  less  so  than  true  cleavage  ])lanes,  and  generally  in- 
clined to  the  cleavage;  this,  following  Dale,  may  he  called  “false 
cleavage.”  A third  set  of  fracture  planes  of  which  no  ti'ace  is  visible 
to  the  naked  eye  until  the  slate  is  actually  broken  and  which  is  gen- 
erally at  right  angles  to  the  true  cleavage,  is  the  “grain,”  “seuli),” 
or  “scallop”  of  quarrymen.  In  this  paper  the  terms  cleavage,  false 
cleavage,  and  grain  are  used  in  the  senses  indicated  above  (See  Figure 
10.) 


The  cleavage  plane  in  slate  is  the  direction  of  easiest  i)arting  and 
is  due  chiefly  to  the  arrangement  of  the  individual  crystals  in  the  rock. 

Origin  of  cleavage  a)td  attitude  of  cleavage  planes.  The  origin  of 
cleavage  is  discussed  at  length  in  the  section  on  the  metamorphism  of 
slate.  Loosely  stated,  the  cleavage  ])lanes  are  at  right  angles  to  the 
direction  of  eomi)ression  ; under  the  niicroseo])e  the  elongation  of  the 
main  constituents  is  seen  to  be  parallel  to  the  cleavage  plane,  which 
leads  to  the  inference  that  cleavage  is  due  to  this  arrangement. 

In  general,  the  cleavage  i)lanes  are  parallel  to  the  axial  planes  of  the 
folds  and  to  the  regional  structures.  Their  ])osition  is  thus  fairly 
uniform  over  large  areas.  Since  all  of  the  Penn.sylvania  slate  districts 
are  part  of  the  Aj)])alachian  folds,  and  since  the  trend  of  the  latter 
is  northea.stw'ard,  cleavage  planes  as  a whole  trend  northeast  in  all 
the  districts  here  described.  The  average  .strike  is  about  X.li()°E., 
with  southward  dips.  There  are,  however,  far  greater  exceptions  in 
the  degree  of  dip.  In  the  Peach  Bottom  region  it  is  seldom  less  than 
70°  and  in  ea.ses  almost  90°.  In  the  Carbon  County  district  the  dip 
is  about  75° S.  In  the  Lehigh-Xorthampfon  district  it  changes  region- 
ally, steepening  westward:  at  Bangor  it  averages  about  15°,  whereas 
from  Slatington  west  it  is  nearer  55°. 
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Curvature  vf  cleavage.  The  cleavage  planes  are  not  uncommonly 
curved,  sometimes  assuming  an  S-shape,  apparently  due  to  added  com- 
I)i'ession  after  cleavage  formation  (Fig.  11).  This  type  of  curved 
cleavage  is  es])ecially  noticeable  near  bedding-sli])  faults  (page  166). 


In  addition  to  the  marked  cleavage  curvature  ,iust  referred  to,  there 
is  a tendency,  where  cleavage  ]ilanes  cross  sandy  beds,  for  them  to  curve 
sliglitly.  This  type  of  curvature  is  not  induced  by  deformation  after 
the  development  of  cleavage,  but  is  due  merely  to  the  higher  angle 
between  cleavage  and  bedding  in  sandy  beds  where  mica  and  chlorite, 
the  cleavage  producing  minerals,  are  less  well  developed  than  in  the 
typical  slate. 

In  a few  quarries  the  cleavage  shows  very  gentle  curvature  or  changes 
slightly  in  angle  of  dip  from  top  to  bottom  of  the  quarry.  This  is 
Avell  illustrated  in  the  Albion  quarry  at  Pen  Argyl,  in  which  each 
level  is  developed  on  a gentle  curve ; indeed,  despite  the  predominant 
south  dip  of  cleavage,  the  cleavage  planes  at  the  noidli  end  of  the 
quarry  floor  actually  dip  northward  at  very  Ioav  angles. 

Effect  of  cleavage  attitude  on  quarrying.  Quarry  methods  are  de- 
termined largely  by  the  attitude  of  cleavage.  Thus,  in  the  eastern 
part  of  the  Lehigh-Northampton  district,  the  flat  cleavage  planes  make 
possible  the  use  of  channelling  machines ; not  only  is  it  easy  to  run 
the  channeller  on  a track,  but  the  bloAv  is  downward  and  assisted  by 
gravity.  In  the  Slatington  region,  however,  where  the  cleavage  di]i 
is  steeper,  the  channeller  can  only  be  used  under  somewhat  unusual 
conditions, — for  example,  in  freeing  the  lowest  or  “key”  block;  here 
instead  much  of  the  work  can  be  done  by  drilling,  because  the  drill  can 
be  more  easily  mounted  so  as  to  drive  horizontally.  Focht'  has  pointed 
out  that  even  the  wire  saw,  which  is  a far  more  flexible  cutting  device 
than  the  channeller,  is  operated  wdth  more  difficulty  where  the  cleavage 
dips  steeply.  In  general  the  quarry  operations  are  complicated  by 
steeper  dips. 

Curved  cleavage,  irregular  cleavage,  or  a tendency  to  break  across 
the  cleavage  planes  (“curl”,  “slip  cleavage”,  “false  cleavage”)  are 
of  course  deleterious  factor’s. 

Surface  deflection  of  cleavage.  AVhere  the  cleavage  planes  stand  at 
a steep  angle  to  the  horizontal  on  a sloping  surface  they  are  likely  to 
show  the  effect  of  creep, — the  very  slow  dowirhill  movement  of  the 
rock  at  the  .surface  of  the  ground.  This  sometimes  leads  to  an  er- 
roneoirs  impression  as  to  the  direction  of  the  dip  of  cleavage.  By  Dale 
this  was  mistakenly  attributed  to  the  dragging  effect  of  the  ice  sheet 

^ Focht,  Dostcr,  Discussion:  Belire,  O.  H.,  Jr.,  Geologic  factors  in  the  development 
of  the  Eastern  Pennsylvania  slate  belt:  Am.  Inst.  M.  M.  Eng.,  Trans.,  vol.  76,  pp.  410-411, 
1928. 
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of  the  Great  Ice  Age\  but  since  cleavage  is  in  many  places  dragged  in 
the  opposite  direction  to  that  in  which  the  ice  moved  the  explanation 
first  given  is  more  acceptable. 


GRAIN 

Description.  In  all  of  the  slate  studied  by  the  writer,  there  is  a 
second  direction  of  ready  fracture  far  less  marked  than  that  of  the 
cleavage.  This  is  the  “grain”,  “sculp”,  or  “scallop”  of  English  and 

PLATl]  7. 


A.  Photomicrographs  of  thin  sections  of  coarse  slate  from  Lehigli- 
NorthainiRon  district:  (A)  cut  at  right  angles  to  cleavage  and  grain, 
to  show  absence  of  marked  parellelism  of  hair-like  lines  (mica  flakes) 
and  (B)  cut  in  the  plane  of  the  grain  to  show  conspicuous  parallelism 

of  mica  flakes. 
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B.  Cleavage  surfaces  of  two  blocks  of  slate  showing  melt  figures  of 
Jannetaz;  arrows  indicate  direction  of  elongation  and  hence  also  of 

grain. 

1 Dale,  T.  X.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey  Bull.  586,  Plate  XVII 
(opp.  p.  104),  1914. 
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Ainei'ieaii  aiitlioi’s,  the  “ loiifirain  ” of  tlie  Freiicli.  Tyi)ical]y  two  op- 
jio.site  sitles  of  a bloek  of  slate,  as  (luarried,  are  bounded  by  planes 
develojied  aloii”-  the  grain,  two  of  the  remaining  four  sides  being 
formed  by  cleavage  planes  (see  Figure  10).  Though  not  clearly  in- 
dicated by  megasco])ic  structural  features,  yet  the  gi-ain  plane  can 
be  determined  if  carefully  sought  for.  Indeed,  Dale  describes  a 
more  or  less  obscure  striation  on  the  cleavage  surface  as  indicating 
grain  dii'ection’  ; this  may  be  .seen  on  many  Penn.sylvania  slates. 

The  gi-ain  planes  differ  from  planes  of  false  cleavage,  with  which  they 
are  sometimes  confused,  in  two  ways.  One  of  these  is  that  they  are 
not  shar])ly  detined  and  virtually  uuwar]ied  planes,  bid  are  more  or 
less  curved  and  irregular  surfaces,  wbich  can  be  treated  as  j)lane8 
oidy  when  generalized.  Yet,  broadly  viewed,  the  grain  surfaces  present 
so  remarkable  a constancy  in  direction  and  dij)  that  they  must  clearly 
be  regarded  as  a definite  structural  feature.  The  other  outstanding 
distinction  lies  in  their  differing  orientation  with  regard  to  the  domi- 
nant axes  of  the  folds.  False  cleavage  is  generally  approximately 
parallel  in  strike  with  the  fold  axes.  Grain,  on  the  other  hand,  com- 
moidy  strikes  at  right  angles  to  these  axes  and  to  the  cleavage.  Leith 
points  out  the  local  similarity  between  grain,  as  the  word  is  sometimes 
used,  and  false  cleavage.  Dale  clearly  distinguishes  graiin  from  “sli]F’ 
cleavage.^ 

Origin.  The  explanation  of  grain  has  been  attenijited  by  early  ox- 
])erinienters,  including  Danbree,  Kenard,  and  others,  wdiose  work  has 
more  recently  been  snmmarized  by  Dale.  Both  Leith-  and  Dale®  at- 
tribute grain  to  the  ari-angement  of  the  mineral  particles  in  the  slate. 
Both  are  of  the  opinion  that  grain  direction  is  parallel  to  and  deter- 
mined by  the  gi’eatest  dimension  of  some  of  these  mineral  constitnents. 

That  grain  must'be  related  to  mineral  orientation  or  to  some  other 
vector  propcidies  of  the  rock  may  be  shown  in  several  Avays.  Electrical 
tests  amply  demonstrate  the  greater  conductivity  of  the  slate  ])arallel 
to  the  grain.  (See  ])age  75.)  The  writer  has  repeated  the  heat  con- 
duction expei'iment,  using  Pennsylvania  slates,  with  the  same  results  as 
originally  obtained  by  E.  Jannetaz.  In  this  the  cleavage  surface  is 
covered  CA'enly  with  a thin  coat  of  wax.  The  i)oint  of  a red-hot  needle 
is  then  brought  per])endicular]y  against  the  surface  of  the  stone.  The 
heat,  transmitted  largely  through  the  slate,  melts  the  Avax,  and  a 
roughly  cii'cular  area  is  outlined  by  melting  and  remains  as  a slight 
depi-cssion  aftei'  cooling.  When  this  exjieriment  is  repeated  several 
limes  and  the  forms  of  the  resnlting  melt  figures  are  examined,  if  is 
seen  thaf  they  are  ellipses,  rather  than  true  circles  (see  Plate  7,  B). 
The  direction  of  their  greatest  elongation  is  ])arallel  to  the  grain. 

A study  Avas  made  to  determine  the  relation  betAveen  the  longest 
dimensions  of  minerals  in  slates  and  the  grain  direction.  Oriented 
sections  of  “bal'd  slate”  from  the  Lehigh-Northamjiton  district  showed 
that  sericite  and  ipiartz  grains  exhibit  marked  elongation  parallel  to 
the  grain.  In  the  case  of  sericite  the  ratio  of  length  to  breadth  in  the 
cleavage  plane  averages  3:1.  The  rutile  needles  in  the  body  of  the  rock 
Averc  also  especially  Avell  oriented,  Avith  long  axes  in  the  grain  direction. 
Similar  observations  Avere  maih'  on  sections  of  a big  bed  from  the  Al- 

1 Dale,  T.  N.,  Slate  in  the  United  States;  li.  S.  Geol.  Survey  Bull.  586,  p.  41,  1914. 

I.eith,  C.  K.,  Koek  eleavaye:  U.  S.  Geol.  Survey  Bull.  23!>,  p.  133,  190.A, 

2 Op.  eit.,  p.  41,  1914. 
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A.  Cloavaso  siii'facf*  of  i-oofiiif*-  mUKo  from  l*<‘acli  Bottom  district;  the 
lon<>er  edges  being  parullei  to  tlie  grain,  note  faint  striations  on  sur- 
face whicli  indicate  grain  <lirection. 

B.  Ii‘r<“gidai’ities  of  bedding  in  rooting  slate  from  Bangor;  note 

widening  of  one  dark  bed. 

hioii  quarry,  iu  the  eastern  ])art  of  tlie  Ijeliioli-Xortliainpton  distriet. 
The  most  marked  elongation  in  the  grain  direetion  was  observed  in 
sections  made  from  a “liard  roll”  (sandy  slate  bed)  at  Pen  Argyl 
(.see  Plate  7,  A).  In  oriented  sections  of  slate  from  the  New  Diamond 
quarry  near  Pen  Argyl,  tlie  texture  was  very  uniform  and  there  Avas 
nothing  to  suggest  elongation  except  in  the  arrangement  of  the  longest 
dimension  of  the  (piartz  grains.  It  thus  api)ears  that  gi'ain  in  slate  is 
determined  by  i)arallelism  of  the  longest  dimensions  of  mineral  ])ar- 
ticles,  in  much  the  same  way  that  cleavage  is  dne  to  ])arallel  orientation 
of  the  hat  sides. 

Sfril'e  and  dip.  In  the  ex])erience  of  the  writer,  grain  is  generally 
at  right  angles  to  cleavage.  Figures  given  by  Dale'  do  not  indicate 
marked  constancy  in  the  trend  of  grain  in  the  Vei’mont-Xew  York 
slate  belt.  In  Pennsylvania  slates,  on  the  othei"  hand,  the  grain  ])lanes 
show  remarkable  regnlaidty  of  orientation.  This  is  illustrated  by  Fig- 
ure 12,  which  represents  the  direction  of  grain  strike  in  71  (ptarries  of 

’Dale,  T.  X.,  'I'hc  slate  l.clt  of  eastern  Now  York  ailil  Ave.steni  VeriiioiU;  L’  S.  Geol. 
Survey  19th  Aim.  Hept.,  part  III,  pp.  218- ‘22.1,  1898, 
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tlie  Lehigli-Nortliampton  district.  The  di])s  observed  are  generally 
vertical  or  nearly  so.  Tims,  of  the  71  observations  figured,  only  28 
varied  from  the  vertical,  and  none  of  these  represented  a dip  of  less 
than  70°.  It  must  be  noted,  however,  that  observations  of  the  grain 
“plane”  are  necessarily  generalized.  They  are  never  subject  to  con- 
tact measurement,  since  the  grain  fracture  is  always  wavy. 


Fig.  12.  Azinmtli  chart  of  strike  of  grain  as  recoi'deci  in  71  quarries 
of  Northampton  County,  selected  at  random.  The  numbers  indicate 
degrees  in  azimuth  west  of  noi-th  (east  of  south)  in  bearing  of  grain 
strikes.  The  relative  lengths  of  the  inward  extending  lines  show  the 
relative  numbers  of  observations  yielding  the  indicated  strikes. 

The  question  may  be  raised,  why  should  the  grain  plane  retain  a 
constant  orientation  in  a region  where  even  the  cleavage  shows  irregu- 
larities from  place  to  place.  The  answer  is  twofold.  Firstly,  the  grain, 
as  stated  above,  is  not  strictly  a smooth  surface,  subject  to  contact 
measurements ; hence  slight  variations  are  not  noticed.  Secondly,  the 
cleavage  plane  commonly  approaches  the  horizontal,  while  the  grain 
plane  generally  stands  vertical.  In  most  regions  slaty  rocks  have  been 
deformed  at  least  slightly  subseciuent  to  the  origin  of  the  cleavage. 
In  such  instances,  if,  after  the  development  of  cleavage  and  grain,  the 
second  compressive  force  varied  ever  so  slightly  from  the  direction 
taken  by  the  compression  resjionsible  for  cleavage  position,  the  gently 
inclined  cleavage  planes  were  given  a markedly  different  strike  direc- 
tion ; on  the  other  hand,  the  nearly  vertical  grain  suffered  only  a small 
change  in  strike. 

Economic  importance  of  grain.  The  grain  is  of  great  importance 
in  quarrying  slate.  In  most  operations  it  furnishes  the  second  direc- 
tion along  which  the  rock  is  mechanically  split  apart,  the  cleavage 
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being  the  first.  Roofiug  slate  is  usually  cut  so  that  the  longer  sides  of 
the  slate  are  in  the  grain  direction,  in  order  to  reduce  the  breakage.^ 
The  practice  of  cutting  or  wedging  the  slate  parallel  to  the  grain 
makes  for  a marked  orientation  in  quarry  dimensions.  This  is  readily 
recognizable  in  all  of  the  Pennsylvania  slate  quarries.  Since  all  are  in 
the  belt  of  Appalachian  folding  and  since  the  axes  of  such  folds  trend 
northeast,  the  openings  usually  have  one  major  dimension  in  the  north- 
east direction;  the  other  is  almost  without  exception  at  right  angles, — 
that  is,  in  the  direction  of  the  grain. 


FALSE  CLEAVAGE 

Description. — “False”  cleavage  (“slip”  or  “fracture  cleavage”  of 
authors^)  is  a tendency  to  break  along  very  closely  spaced,  frequently 
short  and  seldom  conspicuous  joint-like  fissures,  with  planes  which 
are  generally  at  right  angles  to  the  cleavage.  Such  fractures  result  in 
the  formation  of  slender  pencils  of  slate,  bounded  on  the  top  and 
bottom  by  cleavage,  on  the  sides  by  false  cleavage.  Locally  several 
intersecting  sets  of  false  cleavage  may  be  developed,®  but  in  the  ex- 
perience of  the  writer  the  usual  occurrence  is  in  one  set  only,  and 
there  are  grounds  for  doubting  the  correctness  of  statements  to  the 
contrary. 

Dale^  rightly  draws  attention  to  the  distinction  between  false  cleavage 
and  jointing.  Jointing  may  occur  in  two  directions,  the  bisectrix  of 
the  dihedral  angle  between  intersecting  joint  planes  being  a direction  of 
maximum  or  minimum  stress,  whereas  false  cleavage  planes,  like  planes 
of  true  cleavage,  have  their  strike  at  right  angles  to  the  maximum  stress 
direction.  This  of  itself,  however,  may  not  serve  to  distinguish  false 
cleavage  from  jointing,  since  the  stress  directions  are  not  always  clearly 
defined. 

False  cleavage  Ls  commonly  indicated  by  fine  lines  or  very  narrow, 
open  fissures  which  are  discernible  on  the  cleavage  surface  of  the 
slate.  It  is  fre(iuently  associated  with  a visible  folding  of  the  cleavage 
planes  and  when  such  folds  are  present  and  are  crossed  by  joint-like 
fractures  parallel  to  the  axes  of  the  folds,  the  presumption  is  strong 
that  the  fractures  are  false  cleavage.  Under  the  microscope  the  false 
cleavage  planes  are  seen  to  be  due  to  extreme  ]dication  of  true  cleavage 
planes.  In  aiiproaching  a zone  of  false  cleavage,  the  shreds  of  mus- 
covite and  chlorite  show  some  curvature,  and,  instead  of  appearing 
as  straight  lines  (the  condition  in  normal  slate  cirt  at  right  angles  to 
the  cleavage  plane),  become  undulating.  The  orientation  of  these 
minerals  in  the  undulatory  strands  is  well  marked  because  one  limb 
of  any  single  tiny  undulation  is  dark  under  crossed  nicols,  while  the 
other  is  relatively  light.  As  the  folding  of  the  cleavage  strands  be- 
comes progressively  more  intense,  the  strands  tear  apart  along  a line 
more  or  less  at  right  angles  to  their  length  and  an  open,  joint-like 
fracture  develops;  this  latter  is  true  fracture  cleavage  (“false  cleav- 
age”), the  flexings  being  incipient  stages  of  fracture  cleavage,  to  which 
Van  Ilise’s  term  fissility  might  be  applied.  An  illustration  is  furnished 
by  Figure  13. 

1 Bowles,  Oliver,  The  technology  of  slate:  U.  S.  Bur.  Mines  Bull.  21S,  p.  10,  1922. 

2 Dale,  T.  N.,  op.  cit.,  p.  37,  1914;  I.eith,  C.  K.,  Kock  cleavage:  U.  S.  Geol.  Survey 
Bull.  239,  p.  119,  1905. 

“For  example,  Spurr,  J.  E.,  The  statigraphic  position  of  the  Thomson  slates:  Am. 
Jour.  Sci.,  Sd.  ser.,  vol.  48,  p.  164,  1894. 

‘Op.  cit.,  p.  39,  1914. 
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8o  far  as  noted  by  tliis  writer,  the  strike  of  false  cleavage  planes 
a|)proxiniates  closely  oi-  is  in  actual  agreement  witli  that  of  the  true 
slaty  cleavage,  excej)!  under  one  condition,  noted  below.  The  strike 
is  hence  generally  also  parallel  to  the  axes  of  folds. 


Fig.  i;j.  False  eleavage  and  inej|)ient  false  cleavage  in  slate:  the 

vertical  ojw-n  si)ace  Is  a false  cleavage  plane;  true  cleavage  crosses 
from  left  to  right.  Enlarged  <»(>  diameters. 

Geological  relations.  There  are  several  geological  conditions  under 
which  false  cleavage  occurs.  As  already  mentioned,  it  is  most  common 
near  folded  cleavage  oi-  near  cleavage  .shear  zones.  Indeed  cleavage 
sheai'  zones,  as  here  used,  are  really  zones  of  elosely-sjtaced  false  cleav- 
age. False  cleavage  is  also  commoidy  seen  neai-  the  crests  of  pitching 
folds;  in  these  ca.ses  alone  does  the  strike  of  the  false  cleavage  itlanes 
meet  the  cleavage  strike  at  a marked  angle;  examples  are  the  false 
cleavage  noted  in  the  (bister  and  Fast  Knd  (piarries  at  Slatington.  A 
third  mode  of  occurrence  is  where  slaty  and  sandy  beds  alternate; 
this  is  probably  the  result  of  incom])lete  metamorjiliism  in  the  more 
resistant  sandstone  and  a resulting  tendency  for  the  sandstone  bed 
to  move  as  a unit,  dragging  the  slaty  cleavage  with  it  and  producing 
minor  crinkling. 

Regional  occurrence.  Fakse  cleavage  was  not  observed  to  be  con- 
spicuous in  the  eastern  jiart  of  the  Lehigh-Xorthampton  district;  it  is 
commonly  seen  farther  Avest,  hoAvever,  especially  in  the  quarries  of 
Lehigh  County.  It  is  also  common  in  the  Peach  Pottom  cpiarries.  For 
details,  the  readei-  is  referi-ed  to  the  descrii)tions  of  these  districts. 

Origin.  In  the  Alpine  region  of  southern  (lermany  false  cleaAmge 
affects  entii'e  formations.  Porn'  and  others  have  described  this  feature, 
to  AAdiieh  they  have  applied  the  term  “wrinkled  slate”  (“Runzel- 
Schiefer”),  as  a further  ])hase  of  metamorphism,  following  slaty  cleav- 

1 Horn.  Axel,  l^clier  DruckschicferuiiK  iiii  vari.stiselien  Gebirgskoprper:  Fortsehritte  der 
Oeologie  nn<l  Palaeont.,  Gebr.  Borntraeger,  Berlin,  vol.  VII.  pp.  357-.S58,  1923. 
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age.  Tliis  viewpoint  i.s  discussed  in  tlie  section  on  the  nietainorphisni 
of  slate.  Wlule  it  is  nndonbtedly  correct  where  larg(‘  rock  masses  are 
atfected,  in  its  local  occurrence  it  more  proi)erly  represents  the  effect 
of  renewed  movement  nnder  conditions  in  which  the  slate  responded 
physically  rather  than  chemically, — that  is,  nnder  which  the  mica  tlakes 
were  strained  and  torn,  rather  than  reciwstallized. 

The  esssential  cause  is  a thrust  to  which  the  mica  or  chlorite  cry- 
stals of  the  true  cleavage  cannot  accomodate  themselves  by  recrystalli- 
zation. This  probably  resnlts  from  insufficient  time, — too  ra])id  a 
rotational  strain.  Hence  it  is  that  most  of  the  occurrences  are  at 
points  of  excessive  shear, — snch  as  between  beds  of  slate  and  sandstone 
or  at  the  crests  or  troughs  of  pitching  fohls  where  bed  drags  on  the 
cleavage  of  adjacent  bed. 

Econouiic  importance.  In  none  of  the  Pennsylvania  (piarries  is 
false  cleavage  sufficiently  common  to  ]irohihit  operations,  though  it 
contributes  materially  to  the  (piantity  of  waste  in  several.  Dale,  how- 
ever, mentions  a quarry  in  Vermont'  which  was  actually  .shut  down 
on  account  of  the  wide-spread  occurrence  of  false  cleavage.  At  the 
time  of  quarrying,  false  cleavage  does  not  always  betray  the  extent 
to  which  it  spoils  the  slate;  this,  of  course,  makes  it  doubly  objection- 
able, since  slate  may  be  sold  and  used  before  its  inferioi’  (juality  can 
be  detected. 

In  many  of  the  Peach  Bottom  ((uarries  the  slate  api)roaches  a schist 
in  structure,  false  cleavage  in  these  cases  being  of  general  regional 
development.  It  shows  plaiidy  under  the  microscope  yet  does  not 
visibly  affect  the  use  of  the  slate.  However,  the  greater  brittleness 
of  Peach  Bottom  slate,  of  which  quarrymen  speak,  in  comparison  with 
the  slates  of  the  Lehigh-Northampton  district,  is  [lerhaps  attributable 
to  the  prevalence  of  false  cleavage. 

(•I.EA^•A<tE  SHEAR  ZONES 

Description.  Cleavage  shear  ones  are  zones  inclined  to  the  tian* 
cleavage  of  the  slate,  along  which  the  cleavage  jilanes  have  been  sharply 
distorted  by  wari)ing  or  minute  faulting.  The  feature  [tasses  gradation- 
ally  into  gently  folded  and  finally  into  normal  and  undisturbed  cleav- 
age. The  term  may  best  he  confined  to  megascopic  structures;  shear 
zones  are  the  megasco])ic  e<piivalents  of  false  cleavage. 

In  a shear  zone,  the  cleavage  may  he  thrown  into  more  or  less  gentle 
curves  or  the  folds  may  actually  he  angular  and  step-like,  and  are 
then  called  “hogbacks.'’  (ienerally  false  cleavage  is  also  developed, 
along  planes  parallel  to  the  axes  of  the  cleavage  fold.  An  illustration 
is  afforded  by  Figure  14.  In  the  case  pictured,  small-scale  thrust 
faulting  appears  to  have  taken  place  along  the  fracture  cleavage  planes 
on  the  lower  limbs  of  a tiny  anticline  develo))ed  in  the  slaty  cleavage. 
The  traces  of  fracture  cleavages  are  visible  on  the  front  and  hack  of 
the  block.  There  is  also  a tendency  toward  the  thickeidng  of  slate 
between  cleavage  planes  on  the  crest  of  the  small  anticline.  In  a Avonl, 
the  picture  is  one  of  ty])ical  thrust  folding,  except  that  slaty  cleavage 
jffays  the  role  of  bedding,  Avhile  false  cleavage  simulates  typical  slaty 
cleavage  in  its  relation  to  the  fold. 

1 Hale,  T.  X.,  The  plate  t>elt  of  eapterii  New  A'ork  and  weptern  Vermont:  U,  S.  (reol. 
Survey  Ititli  .Ann.  Kept.,  part  111,  p.  'JOti,  I.SIP. 
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Pig.  14.  Two  views  of  a cleavage  flake  of  slate  showing  a cleavage 
shear  zone  (S),  and  the  associated  false  cleavage,  xla  ; the  shear  was 
more  intense  at  one  side  than  at  the  other.  From  Lehigh  Valley  Rail- 
road cut,  a mile  south  of  Treichlers  station,  Slatingtoii  quadrangle. 


Dale’s  “cleavage  Ijandiiig’’’^  is  evidently  a more  extreme  develop- 
ment of  tlie  same  feature.  The  writer  has  not  observed  cleavage 
banding  in  any  of  the  Pennsylvania  slates. 


Fig.  1.5.  Cleavage  block  of  slate  from  Hess  quarry  near  Lynni)ort, 
Lehigh-Northampton  district,  to  illusti'ate  a sharply  angular  cleavage 

shear  zone;  x^. 

Origin  and  economic  importance.  What  has  been  said  about  false 
cleavage  applies  equally  to  cleavage  shear  zones.  The  close  resemblance 
on  a larger  scale  to  the  microscopic  appearance  of  false  cleavage,  as 
well  as  their  usual  association,  point  toward  a common  origin  for  both. 
The  economic  significance  of  the  two  is  also  similar,  except  that  cleavage 
shear  zones  are  even  more  objectionable.  If  very  well  developed  and 


iDale,  T.  N.,  The  slate  belt  of  eastern  New  Tort  and  western  Vermont:  U.  S.  Gecl. 
Survey  19th  Ann.  Rept.,  part  III,  pp.  214-215,  Plate  XXX,  1899. 
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closely  spaced  the  zones  may  yield  a schist,  with  highly  wididded 
cleavage  surface,  as  indicated  above;  such  a rock  cannot  possil)ly  he 
worked  for  slate. 

JOINTS 


Description.  Joints  in  slate,  as  in  othei-  kinds  of  rock,  are  frac- 
tures that  cross  the  body  of  the  rock  for  megascopic  distances,  and 
along  which  there  has  been  little  or  no  movement.  Tn  slate  they  are 
generally  smooth  jilanes,  fre(piently  Avaijied.  IMerrill  and  Uatliews' 
figure  a curved  .ioint  face  in  a IMaryland  quarry.  Dale  describes  a 
conical  structure,  20  feet  high  and  15  feet  in  diameter  at  the  base, 
produced  by  curved  jointing  in  a slate  quarry  near  Delta,  Pa.-  lie 
also  cites  a case  of  plicated  jointing  in  a A^ermont  quarry.'^  Such 
curved  joints  ai'e  known  in  several  slate  operations  in  Penn.sylvania, 
notably  in  the  Lehigh-Northampton  district  (see  Plate  !)).  The 
curvatures  appear  to  be  of  two  different  ty])es,  illustrated  by  tlie  two 
figrures  in  the  plate  referred  to  and  each  clearly  related  to  other  geologic 
features.  In  one  of  these  ty])es  the  troughs  and  depressions  are  rela- 
tively regnlar  and  are  iiarallel  to  and  coextensive  with  the  traces  of 
beds  on  the  joint  face ; the  curves  seem  to  be  due  to  the  angle  of  ru]itui-e 
in  the  material  making  up  the  different  heels.  In  the  second  case 
there  is  developed  a surface  with  “■wrinkles”  ■which  suggest  irregular 
drag  along  the  joint  plane;  the  major  joint  is  frequently  intersected 
by  minor  fractures,  at  which  it  is  offset  e7i  echelon.  These  lesser 
fraetiires,  however,  api)ear  as  breaks  limited  at  their  ends  by  their 
intersection  -with  the  master  joint,  and  there  is  thus  rio  definite  evidence 
that  they  are  of  later  origin. 

As  every  geologist  will  realize,  many  joints  bear  fillings.  In  the 
slate,  these  are  most  commonly  calcite  or  aragonite,  or  more  rarely 
qnartz.  Three  miles  west  of  Lynnport,  in  Lehigh  County,  t^wo  small 
long  abandoned  quarries  sho^w  ribboned,  soft  slate ; this  is  cut  by 
closely-spaced  “gash”  joints,  the  total  length  of  which,  does  not  exceed 
six  inches;  the  openings  are  filled  with  fibrous  calcium  carbonate. 
Not  nncomnionly  joints  bear  tiny  crystals  of  (■)yrite,  usually  set  in  small 
regularly  lenticular  depressions  suggestive  of  geodes  but  clearly  of 
dififei'ent  origin.  Dale^  also  mentions  cases  where  dikes  occuiyv  joint 
crevices. 


lit 

■yg  Fig.  16.  Sketch  of  aragoiiite-fllled  gash  .joints  in  slate  from  (|iiarr.v 
half  a mile  north  of  Slateville,  Hanihnrg  (inadrangle;  \1 

^Merrill,  G.  P.,  and  Mathews,  E.  B.,  The  building  and  decorative  stones  of  Mary- 
land: Md.  Geol.  Survey,  vol.  II,  part  II,  plate  XXXII,  fig.  1,  1898. 

2 Dale,  T.  N.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey  Bull.  586,  p.  42,  1914. 

3 Op.  cit.,  p.  42-4.3,  1914. 

< Dale,  T.  N.,  op.  cit.,  p.  42,  1914. 
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ELATE  ». 


A.  .Toiiit  surface,  curved  where  it  crosses  beds  of  var,viii{>’  composi- 
tion; lu'ij>lit  of  exposed  surface,  2 feet.  Albion  (piarry. 


li.  Joint  sui-face,  “xviinkled”  and  cut  by  minor  Joint-s;  length  of  ex- 
posed surface,  (>  feet.  Columbia  Bangor  quarry- 


JOINTS 


41 


IMiATK  1(». 


A.  Regular  .iointiiij;'  in  iii)iK‘r  ])art  of  southeast  wall,  Albion  quarry. 

Joints  run  obliquely  downward  to  left;  the  more  nearly  hori/.ontal 
lines  are  ehannel  inaehine  ruts. 


15. 


Part  of  northeast  wall  of  Consolidated  No. 
ing  numerous  Joints  striking  j)arallel, 


I -Star  quarry, 
N.30-35°E. 


show- 
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PLATE  11. 


A.  Zone  of  niovenient  along  cleavage  plane,  lowest  level,  Belfast 
<inarr.v;  two  quartz  lenses  ai'e  seen,  one  being  marked  by  the  hammer 
head;  direetion  of  cleavage  indicated  by  arrow. 


B.  Sti'iae  or  slickensides  on  a calcite-coated  bedding  or  joint  plane, 
Slatington,  I*a. ; shows  the  efl’ect  of  movement. 


JOINTS 


PLATE  12. 


Joint-strike  cliagranis  of  six  quarries  in  Lehigh-Northamptoii  district. 
Quarries  similarly  lettei-ed  are  close  together;  in)te  similarity  in 

joint  patteiTis. 

A.  (Bangor  Central)  and  A'  (North  Bangor  No.  3)  at  Bangor. 

B.  (tJiapniaii  Standai'd)  and  B'  (Chapman,  east  opening)  at  Cliap- 
inan;  C (Parsons)  and  C'  (Albion  Vein)  at  Pen  Argyl. 
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Locally  tlie  calcareous  filling-  of  joints  shows  slickensides,  thus  indi- 
cating movement  after  joint  formation. 

Dip  and  >ifrike.  Joints  have  l)een  classified  into  strike  joints,  dip 
joints,  and  oblique  joints  or  into  tension  and  compression  joints. 
Neither  of  these  schemes  is  desirable,  as  the  former  is  simply  a way 
of  expressing  joint  attitude  to  bedding  and  the  second  hypothesizes 
knowledge  as  to  cause  of  jointing  which  the  obsei-ver  usually  does  not 
po.ssess.  This  writer  has  avoided  all  grou])ing  and  has  contented  him- 
self with  taking  note  of  the  attitude  of  individual  joints  and  using 
that  alone  as  a basis  for  generalization. 

The  conditions  governing  jointing  in  slate-bearing  formations  are 
ohviouslj"  not  everywhere  uniform.  With  variations  in  rock  composi- 
tion, weight  of  overburden,  and  strength  and  direction  of  the  acting 
forces,  the  resjionse  of  beds  by  jointing  must  vary  greatly.  Yet  in  a 
general  way  slates  are  sufficiently  uniform  in  comj)osition  to  justify 
at  least  the  hope  of  recogniziug  em])irical  laws  govei-ning  their  joint- 
ing. In  this  hoi)e  the  writer  coni])iled  detailed  data  on  the  joints  of  the 
((uarries  in  eastern  Northanqiton  County.  The  following  generali- 
zations seem  to  he  justified : 

(1)  Tn  this  region,  where  the  major  fold  axes,  the  cleavage 
planes,  and  the  few  observed  thrust  faults  trend  northeast,  by  far 
the  greater  number  of  joints  strike  in  about  the  same  direction, — 
approximately  N.h()°E.  The  dips,  however,  are  too  variable  to 
permit  any  generalization. 

(2)  Prevailing  sets,  trends,  or  strikes  of  joints  found  in  one 
quarry  are  generally  well  developed  in  other,  Jiearby  openings. 
For  example,  in  the  Albion  Vein  and  Parsons  quarries  (see  Plate 
12)  at  Pen  Argyl  the  joint  arrangement  is  closely  similar.  This 
is  also  well  illustrated  by  the  Chapman  and  Chapman  Standard 
quarries  at  Chapman  in  the  “hard”  belt  of  the  Lehigli-Northamp- 
ton  district. 

(3)  Near  the  ends  of  pitching  folds,  joints  apparently  tend  to 
great  irregularity.  Thus,  in  the  Consolidated  No.  3 quarry  at 
West  Bangor  and  in  the  Tinsman  quarry  at  Wind  Gap,  both  of 
which  are  at  the  ends  of  pitching  folds,  the  joints  are  irregular 
in  strike,  suggesting  a radial  pattern  (see  Figure  17). 


Fift.  J7.  Joint  (liaf;raius  of  Consolidated  Xo.  3 quarry  at  Bangor 
(A)  and  of  Tinsman  quarry  at  Wind  tiap  (B)  to  sliow  a|)i)roxiinately 
radial,  irregular  ])atterns  of  Joints  ac-eoinpanying  pitelilng  folds. 
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(4)  Near  faults,  espeeially  fluise  of  the  bed(lin^-sli[)  variety, 
the  jointiii"  is  likely  to  he  elosely  spaced  and  to  resemble  short 
gashes,  the  planes  of  which  make  acute  angles  with  the  fault 
]dane.  In  such  j^laces  the  slate  is  likely  to  he  badly  broken,  with 
deformed  cleavage. 

In  the  Peach  Bottom  district  an  unnsnal  type  of  jointing  is  com- 
monly observed.  This  consists  of  a sheeted  zone  representing  several 
closely  spaced  joints,  dipping  in  various  directions  hut  always  only 
slightly  inclined  to  the  horizontal, — seldom  with  an  angle  of  more  than 
20°.  Thus  at  the  ITumplu-eys  quarry,  near  the  West  Ifangor  stoi-e,  three- 
such  zones  are  seen,  striking  approximately  due  east  and  dip])ing 
15°X ; in  the  northea.st  corner  they  are  at  depths  of  25,  40,  and  75 
feet  below  the  surface.  Steeply  inclined  single  joints  generally  end 
against  these  zones.  As  a rule  the  slate  shows  considerable  oxidation 
with  rusting  at  these  horizontal  joints.  This  feature  has  also  been 
described  by  Dale.' 

Joint  systems.  Sets  of  joints  having  approximately  the  same  dip 
and  strike  are  referred  to  as  “sy.stems.”  The  only  well-marked  system, 
to  the  writer’s  mind,  is  composed  of  the  joints  already  mentioned, 
which  are  ])arallel  in  strike  to  the  bedding. 

Age  of  joints.  IMost  of  the  joints  seem  to  be  distinctly  later  than 
the  cleavage.  They  cut  the  cleavage  at  all  angles,  both  in  thin  section 
and  hand  si)ecinien.  A thin  section  of  a calcite-filled  joint  shows  the 
mesh-work  of  the  mica  judled  apart  along  the  joint  with  irregular 
curvature  of  the  grains  and  with  some  calcite  intiltrating  the  rock 
between  the  mica  hakes.  It  is  evident,  furthermore,  that  any  re- 
crystallization of  the  original  shale  to  give  slaty  cleavage  would  have 
“healed”  pre-existing  joints. 

From  the  close  relationship  between  joints  and  faults,  esjiecially 
in  the  case  of  bedding-sli])  faidts,  it  is  clear  thaf  many  joints  are 
contemporaneous  with  faulting;  they  probably  represent  minor  ad- 
justments that  accompanied  the  true  faulting. 

Economic  hearing.  The  importance  of  joints  to  the  (piarryman  is 
threefold.  First,  if  advantageously  spaced  and  possessing  a favorable 
attitude,  they  are  beneficial.  Advantageous  spacing  is  at  intervals 
of  not  less  than  three  feet.  Favorable  attitudes  would  be  given  by  a. 
strike  approximately  at  right  angles  to  other  joint  systems  and,  in 
the  case  of  one  set,  normal  to  the  beds  or  to  otlier  structural  ])lanes, 
such  as  cleavage.  Joints  which  meet  at  acute  angles,  on  the  contrary, 
yield  too  much  waste  in  the  triangular  slivers  of  slate  between  them  ; 
this  is  also  true  if  joints  bevel  the  cleavage  at  a low  angle.  Joints  too 
closely  sjiaced  are  clearly  objectionable  because  the  slate  between  them 
contributes  greatly  to  the  total  Ava,ste. 

A second  sense  in  which  joints  are  of  economic  importance  is  that 
they  are  generally  more  o])en  than  the  cleavage  and  are  thus  tin' 
chief  channels  along  which  water  enters  the  quarry;  even  if  they  are 
calcite-filled,  solution  cavities  are  soon  formed.  A heavily  jointed 
quarry  wall  is  therefore  likely  to  lead  to  drainage  difficulties. 

A thii'd  significant  bearing  of  jointing  on  ipiaiu'y  ojjerations  is  in 
weathering  which  frequently  follows  the  joints.  This  is  especially 
well  marked  in  the  Beach  Bottom  district,  where  it  has  been  desciubed 


^ Op.  cit.,  p.  113.  IPU, 
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by  Dale^ ; thin  sections  examined  by  the  writer  show  considerable 
limonitization  of  the  slate  bordering  the  joints.  Megascopically  the 
slate  develops  a rusty  line,  as  opposed  to  the  very  dark  gray  of  the 
fresh  slate.  Similar  but  far  less  conspicuous  changes  take  place  along 
joints  in  the  other  Pennsylvania  slates. 

MINOR  STRUCTURES 

“Catspaws”  or  ‘'blisters.”  There  are  features  showing  on  the 
cleavage  faces  of  slate.  They  resemble  very  low  domes  with  heights 
of  less  than  two  inches  and  diameters  not  exceeding  two  feet,  pro- 
jecting above  the  normally  Hat  cleavage  by  a series  of  steps  concentric 
to  their  peaks.  They  resemble  the  percussion  marks  made  in  flint 
when  the  latter  is  ehipjied, — the  reverse  of  conchoidal  fracture.  They 
may  be  coated  with  iron-stained  calcium  carbonate. 

By  analogy  with  the  chattermarks  in  flint  just  mentioned,  these 
features  suggest  the  effect  of  sudden  pressure.  The  cause,  however,  is 
uncertain  : they  are  certainly  not  due  to  blasting,  as  this  is  carried 
on  in  all  quarries,  whereas  “catspaws”  are  of  limited  distribution. 

“Water splits.”  These  are  crevices  similar  to  joints,  but  less  regular 
and  with  almost  no  gap ; they  form  low  angles  with  the  horizontal  and 
generally  also  with  the  cleavage.  They  appear  in  quarries  after  a 
smooth  and  exten.sive  cleavage  surface  has  been  laid  bare,  especially 
when  one  or  two  of  the  quarry  sides  are  freed  by  channel  cuts.  By  the 
quarrymen  they  are  attributed  to  the  action  of  the  water  “working  its 
Avay  through”  the  slate.  It  is  highly  improbable,  however,  that  water 
itself  can  form  openings  in  slate,  and  the  ex]iansive  force  of  ice  cannot 
be  appealed  to,  as  the  crevices  form  in  wmrm  as  well  as  cold  weather ; 
moreover  they  are  evidently  neAvly-formed  openings,  which  must  be 
formed  before  they  can  conduct  the  water  to  form  ice. 

IMost  probably  the  correct  explanation  is  the  relief  of  pressure  with 
the  reduction  of  superincumbent  load.  When  a quarry  has  reached 
some  depth,  the  overburden  is  greatly  reduced  in  the  opening,  but  still 
exists  on  the  sides.  There  is  thus  a relief  of  pressure  within  the  con- 
fines of  the  fjuarry,  which  permits  the  slate  in  the  quarry  floor  to  bulge 
upward  slightly  for  one  or  more  of  the  following  three  reasons : 

1.  The  buried  slate  is  normally  under  great  pressure,  due  to  the 
rock  above;  when  this  is  removed  the  slate  “springs”  upward. 

2.  The  walls  of  the  quarry,  no  longer  held  apart,  now  that  the  slate 
has  been  removed,  creep  inward  and  buckle  up  the  slate  in  the 
quarry  floor. 

3.  Pressure  exerted  near  one  end  of  the  top  of  a pack  of  cards  tends 
to  lift  and  separate  the  cards  at  the  opposite  end  of  the  pack;  in 
a similar  way,  the  rock  presses  downward  and  sejiarates  the  slate 
along  the  horizontal  jilanes ; this  can,  of  course,  only  be  effective 
when  one  side  of  the  slate  is  free  and  the  opposite  side  is  not  free. 

Proliably  the  sudden  ai)])earance  of  “ watersplits”  is  best  accounted 
for  by  the  second  and  third  explanations.  They  thus  resemble  “rock 
buEsts”  or  “.spalls”  in  mines.'  Similar  movements  in  rock  quarries 
have  been  noted  elsewhere,  dflius,  Buckley  and  Buehler®  describe  the 

m)p.  eit.,  ]i.  lU,  1914. 

= See  for  example.  Crane,  W.  R.,  Iron  org  (hematite)  mininsr  practice  in  the  Binning- 
hail,  district,  Ala.;  U.  S.  Bur.  Mines  Bull.  239',  p.  80,  fig.  61,  1926. 

3 Buckley,  E.  R.,  and  Buchlcr,  11.  A.,  Tlie  rpiarrying  industry  in  Missouri:  Mo.  Bur. 
of  6.501.  and  Mines  Report,  vol.  II,  2d  ser.,  p.  127,  1904. 
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o'radual  closing  of  channel  cuts  in  limestone  ((narries.  More  recently 
Bain  has  measured  similar  creep  in  the  doors  of  marble  quarriesd 

Tlie  low  angle  at  which  “ watei-S])lits”  cnt  the  bedding  makes  them 
especially  productive  of  waste  in  quarrying.  For  this  reason  there 
has  been  much  discussion  of  ways  to  prevent  their  formation.  xVmong 
qiiarrymen  the  impression  is  general  that  “ watersplits”  may  be  jire- 
vented  by  covering  the  slate  with  hay,  sod,  water,  or  other  mattei-  to 
exclude  free  air  circulation.  In  the  opinion  of  the  writer  this  is  fal- 
laceous.  The  best  protection  is  probably  to  separate  the  dooi'  from  all 
of  the  quarry  walls  by  deep  ehanneller  cuts;  if  the  causes  of  “water- 
splits”  are  as  inferred  in  the  preceding  discussion,  the  i)urpose  of  such 
measures  should  be  obvious. 

“ Slaunts.”  In  the  Peach  Bottom  district  the  quarry  walls  not  un- 
commonly show  joint-like  fissures,  inclined  at  gentle  angles  to  the 
cleavage,  locallj'  containing  a black,  clayey  substance,  probably  gouge 
produced  by  movement,  which  Dale  has  found  to  consist  of  ])yrite, 
carbonaceous  matter,  quartz,  chlorite,  and  muscovite. - 

There  is  much  uncertainty  as  to  the  proper  interpretation  of  these 
features.  The  “slaunts”  observed  by  the  writer  all  have  very  steep 
dips  and  in  some  cases,  as  in  the  McLaughlin  {piai'ry,  half  a mile  east 
of  the  West  Bangor  store,  York  County,  the  marked  ])arallelism  of  the 
“slaunts”  and  their  structural  relations  leave  a strong  impression 
that  these  are  merely  ill-defined  bedding  planes.  This  im{)ression  is 
furthered  by  the  fact  that  all  “slaunts”  have  a strike  virtually  parallel 
to  the  cleavage  and  are  thus  suggestive  of  isoclinally  folded  beds. 
Locally  they  are  continuous  with  curved  planes  of  parting,  which  may 
represent  beds  on  the  crest  of  folds,  but  may  also  merely  be  curved 
joint  planes;  illu.strations  of  this  feature  are  seen  on  the  southwest 
wall  of  the  K.  L.  Jones  quarrj^  and  on  the  northeast  wall  of  the  Faulk 
Jones  quarry,  both  of  which  are  short  distances  east  of  the  McLaughlin 
opening.  Like  occasional  bedding  planes  in  tbe  Lehigh-Northamjiton 
district,  some  “slaunts”  are  lined  Avith  caleite  which  may  sIioaa'  .sliken- 
siding. 

For  the  present  the  Avriter  accepts  tentatively  the  hypothesis  that 
“slaunts”  are  due  to  parting  along  bedding  planes.  Within  the  Peach 
Bottom  slate  district  this  hypothesis  is  all  that  affords  any  hoiie  of 
interpreting  the  bedding  structure  within  the  slate  itself. 

Like  “ Avatersplits, ” “slaunts”  increase  quarry  waste  l)eeause  of 
their  Ioav  angle  of  intersection  Avith  the  cleavage. 

MUTUAL  RELATIONS  OF  STRUCTURAL  FEATURES 

General  considerations.  In  the  last  analysis,  the  successful  o])era- 
tion  of  a quarry  depends  largely  upon  the  fortuitous  relations  betAveen 
bedding,  cleavage,  grain,  jointing,  and  (to  a less  extent)  minor  struc- 
tural features.  From  what  has  been  said  in  respect  to  each  of  these 
features,  the  thoughtful  reader  Avill  recognize  the  importance  of  these 
mutual  relations.  SeATral  of  the  more  conspicuous  instances  may,  hoAV- 
ever,  be  cited  here. 


1 Bain,  G.  AV.,  Spontaneous  rock  expansion;  .Jour.  Geol.,  vol.  39,  pp,  71.A-735,  1931. 

2 Dale,  T.  N.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey  Bull.  5SC,  p.  Ill,  1914. 
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Bedding — cletivage  relation.  Quai-ryiuen  speak  of  slate  as  having 
“lengtli.”  Tliis  is  the  leiigtli  from  end  to  end,  generally  measured 
parallel  with  the  g'rain,  of  a cleavage  tiake  of  slate  w'ithin  one  hed. 
Thus  in  Figure  10,  the  length  of  slate  availahle  betw^een  the  twm  black 
beds  w’ould  he  measured  along  the  line  of  intersection  between  the 
cleavage  and  the  grain  plane. 


Fig.  18.  Stereogram  of  a single  slate  Ped,  sliovving  cleavage-bedding 
relations.  As  the  cleavage  bisects  the  opening  angles  of  the  folds,  a 
longer  i>iece  of  slate  is  obtainable  along  the  cleavage  at  A,  even  though 
the  bed  is  here  actually  thinner,  than  at  11,  C,  or  1). 

A reference  to  Figure  18  clearly  illustrates  that  the  length  thus 
varies  inversely  with  the  angle  between  cleavage  and  bedding,  and 
hence  that,  other  things  being  equal,  a quarry  ojiened  in  a “tight” 
fold  like  the  iqqier  part  of  Figure.  18  (A,  B)  is  more  jirotitable  than 
one  in  an  open  fold,  such  as  that  at  C and  D.  This  fact  presents  a 
distinct  advantage  for  the  Bangor  ([uarries  in  the  Lehigh-Northamp- 
ton  district,  wdiere  the  folds  are  generally  tight.  Sometimes,  howmver, 
if  the  beds  are  severelj'  thinned  on  the  limbs  by  intense  compression, 
such  an  advantage  is  nullitied. 

In  the  middle  and  low^er  members  of  the  IMartinshurg  formation,  in 
the  region  to  the  southwest  of  Slatington,  the  imlividual  slaty  beds 
between  sandy  layers  are  frequently  less  than  an  inch  thick. 
Under  existing  conditions  the  quarrying  of  cleavage  bloclis  would 
yield  slate  that  was  either  not  workable  at  all  or  was  crossed  by  rib- 
bons. Loealljq  however,  the  bedding  meets  the  cleavage  at  a very  low 
angle  and  hence  long  slabs  of  slate  may  be  obtained,  as  in  cpiarries  at 
Bockdale  and  Scheidy,  that  show  no  ribbons.  Unfortunately,  how- 


Fig.  1!).  Sketch  of  “uncibboiicd”  roofing  slate  made  from  thin-bedded 
“hard”  slate  at  Scheidy,  Ijchigh  Coiinty.  The  dashed  lines  show  the 
.shaj)e  of  the  original  block  before  splitting  one  face  parallel  to  bed- 
ding. 
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ever,  these  slabs  tend  to  split  along  individual  bedding  j)lan(>s  as  ^vpll 
as  on  the  eleavage,  and  thus  eonverge  in  one  direetion. 

Bedding — grai)t  relation.  As  the  slate  is  geneiadly  hrobiui  pai'allel 
to  the  grain,  tlie  removal  of  reetangnlar  pieees — a eondition  favoring 
the  reduction  of  triinniing  losses — is  dependent  in  part  on  tbei-e  being 
a right  angle  between  grain  plane  and  bedding  strike.  This  is  illus- 
trated in  Figure  20.  In  the  tigure  on  the  left,  rectangular  blocks  can 


Fig.  20.  Diagram  showing  effect  of  relation  between  grain  ami  bed- 
ding on  quarrying:  relations  are  favorable  ui  the  tigure  to  the  left, 
unfavorable  in  that  to  the  right. 

be  broken  out  between  the  two  ribbons  because  the  grain  plane  is  par- 
allel to  the  dip  of  the  beds.  In  the  figure  on  the  right,  it  is  impossible 
to  break  out  a block  of  similar  area  with  its  sides  parallel  to  the  gi-ain, 
without  taking  also  some  of  the  undesirable  ribbon. 

Bedding — j'oini  relation.  It  should  be  clear  that  the  ideal  relation 
between  jointing  and  bedding  strikes  is  an  intersection  of  !K)°.  This 
reduces  the  waste  occasioned  by  trimming  the  .slate  pieces  to  bring 
their  edges  parallel  to  the  bedding, — a procedure  sometimes  necessi- 
tated when  individual  layers  break  loose  along  the  bedding  planes. 


Fig.  21.  Diagram  to  show  bow  dift'erenees  in  the  angle  “a”  between 
the  quari-y  wall  and  the  strike  of  bedding  affect  the  bedding  i)atteriis 
on  the  quarry  wall.  It  also  indicates  that  more  unribboned  slate  is 
produced  when  the  angle  “a”  between  .jointing  (represented  by  the 
surface  marked  “Quarry  Face”)  and  bedding  strike  is  small  than 
when  it  is  large. 
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ORIGIN  OF  SLATE  «Y  METAMORPHISM 

AVith  a few  economically  negligible  exceptions’^,  slate  is  a rock  which 
was  once  sedimentary, — that  is,  it  was  originally  deposited  as  a sedi- 
ment by  wind  or  water — generally,  water — on  land  or  in  lake  or  sea — 
most  commonly  in  a body  of  water.  Subsequent  to  this  deposition  it 
has  been  altered  by  severe  compression.  It  is  this  compression  that 
has  given  to  the  rock  its  distinctive  characteristics. 

Origwal  constifufion  and  shale  formation.  The  usual  first  stage  in 
the  develoiunent  of  slate  is  the  deposition  of  clayey  mud  in  marine  or 
fiTsh-watei'  seas.  This  mud  consists  of  particles  of  clay  (roughly,  the 
nrineral  kaoliu“)  with  several  other  constituents,  such  as  quartz  grains 
(sand),  mica  flakes,  and  carbonaceous  particles,  and  some  colloidal 
semi-liquids  like  iron  oxide  and  silica.  In  addition  the  mud  bears  inter- 
granular moisture  and  the  particles  mentioned  may  have  adsorbed 
films  of  various  salts,  especially  of  potassium,  sodium,  magnesium,  and 
calcium  carbonate.  This  matter,  taken  together,  may  loosely  be  termed 
mud  or  fine  silt. 

As  successive  layers  of  such  constituents  accumulate  to  greater  and 
greater  mass  or  other  kinds  of  sediment  are  piled  up  on  the  earlier 
layers,  more  and  more  downward  pressure  is  exerted.  This  induces 
compaction.  The  first  effect  is  to  crowd  particle  against  particle  and 
drive  off  much  of  the  liquid  that  was  hitherto  adsorbed  or  held  in  the 
pores.  As  particles  abut  against  their  neighbors  a reorientation  by 
slow  rotation  takes  place  and  the  particles  come  to  lie  with  their  longer 
dimensions  jiarallel  to  the  sea  bottom  and  hence  also  to  the  layer  of 
which  they  are  a part.  At  this  stage  the  rock  is  compact  and  has  lost 
most  of  its  moisture  and  tends  now  to  break  ])arallel  to  the  bedding 
or  layers;  it  has  a clayey  odor  and  is  called  shale.  Mineral ogieally  it 
consists  of  much  the  same  substances  as  the  original  mud,  except  that, 
according  to  certain  geologists,  some  secondary  white  mica  is  formed, 
])erhaiis  through  the  reaction  of  the  aluminum  silicate  of  the  clay  min- 
I’als  and  the  potassium  carbonate  of  the  absorbed  water.® 

Change  from  shale  to  slate.  If  shale  is  to  become  slate  a second 
steji  must  follow.  This  is  distinctly  related  to  the  larger  geologic 
features  of  the  region.  For  some  cause,  not  clearly  underetood,  the 
rocks  in  the  outer  part  of  the  earth  are  periodically  subjected  to  severe 
compression  from  the  sides;  this  has  been  assigned  to  a shrinkage  of 
the  earth’s  “core”  wuth  a consequent  contraction  of  the  outer  layers, 
but  that  explanatiou  is  not  uniformly  accepted.  In  any  ease,  the  com- 
pression  mentioned  forces  the  rock  layers  to  shorten  and  wrinkles  them 
into  folds.  In  the  more  surfieial  layers  of  the  earth  such  folds  simply 
increase  in  amplitude  as  compression  becomes  more  intense,  or  they 
are  broken  by  faults. 

In  the  deeper  layere,  however,  the  rocks  tend  to  adjust  themselves 
internally.  Such  internal  adjustment  in  I'ocks  that  were  once  shales 
usually  results  in  the  development  of  ne-w  minerals  and  the  more  or 
less  complete  obliteration  of  the  structures  which  characterized  the 

1 Eckel,  E.  C.,  On  a California  roofing  slate  of  igneous  origin:  Jour.  Geol.,  vol.  XII, 
pp.  iri-24,  1904. 

- Accurately  at  least  five  important  clay-like  minerals  having  crystalline  characters, 
and  probably  others  that  are  colloids.  See  Ross,  O.  S.,  and  Shannon,  E.  V.,  Minerals 
of  the  bentonite  and  related  clays  and  their  physical  properties:  Am.  Ceramic  Soc.  Journal, 
vol.  9,  p.  87,  192C.  Ross,  C.  S.,  and  Kerr,  R.  E. , The  kaolin  minerals:  U.  S.  Geol.  Survey 
Prof.  Paper  165-E,  1931. 

^Hutchings,  W.  M.,  The  origin  of  some  slates:  Geol.  Mag.,  vol.  VIII,  p.  168,  1800. 
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rocks  previously.  This  formation  of  new  minerals  is  commonly  called 
“dynamic  metamorpliism, ’’  because  it  can  be  attrilnited  to  the  active 
force  of  compression,  or  “regional  metamorphism, ’ ’ because  it  is  gen- 
erally observed  to  extend  over  larg'er  regions  of  the  earth’s  surface. 
Pressure,  especially  from  the  sides,  is  the  essential  causal  agent,  biit 
heat  may  also  aid.  The  more  theoretical  consideration  of  the  changes 
comprised  under  dynamic  metamorphism  cannot  be  taken  nj)  here^ 
but  will  be  briefly  dealt  with  in  a later  section. 

Djmamic  metamorphism  commonly  has  two  striking  effects  Tipon 
shale.  Megascopieally  it  gives  to  the  altered  rock  a very  ])ron()nnced 
tendency  to  part  along  sub-parallel  planes,  which  is  called  cleavage 
and  which  has  already  been  described  under  that  title.  The  planes  of 
parting  are  parallel  or  suli-parallel ; the  more  strictly  ]mraliel  and  the 
more  closely  spaced  the  planes,  the  more  perfect  is  the  cleavage  and 
the  more  nearly  may  the  resulting  rock  be  regarded  as  true  slate.  It 
maj"  be  added  that  the  cleavage  i)lanes  have  two  other  characteristic 
properties:  they  are  regionally  uniform, — that  is,  they  have  ajjproxi- 
niately  parallel  positions  throughout  large  areas,  and  they  cut  across 
the  bedding  with  little  or  no  regard  to  ]ireexisting  bedding  planes. 

The  second  striking  effect  only  l)ecomes  apparent  upon  microscopic 
examination.  It  is  then  seen  that,  in  place  of  the  poorly  oriented 
particles  of  clay  which  made  up  the  greater  part  of  the  shale  before 
the  metamorphic  process,  the  newly-formed  rock  is  composed  largely 
of  flat  particles  of  mica,  Avith  or  Avithout  chlorite  and  other  minerals 
not  previously  developed.  ]\Iost  of  these  ucav  minerals  possess  con- 
spicuous elongation  in  one  or  tAvo  directions  and  have  the  directions 
uniformly  oriented  in  the  rock  mass.  The  effect  of  this  uniform  paral- 
lelism in  the  long  axes  or  flat  surfaces  of  fibrous  and  idaty  crystals 
is  clearly  AAdiat  conditions  the  megascopieally  obsei'ATd  slaty  cleaATge. 

It  is  obvious  that  the  perfection  of  slaty  cleavage  will  depend  jointly 
upon  the  completeness  Avith  Avhich  the  entire  rock  is  recrystallized  into 
the  minerals  in  cpiestion;  upon  the  perfection  of  parallelism  in  the 
greater  dimensions  of  these  mineral  particles ; and  upon  the  extent  to 
Avhich  the  neAV  minerals  developed  are  of  the  ]Alaty  or  fibrous  tyjAes  and 
thus  capable  of  contributing’  a definite  cleaA’age  to  the  rock  mass. 

In  a general  Avay,  subject  to  certain  theoretical  qualifications,  it  may 
also  be  noted  that  the  longer  axes  of  the  neAAdy  developed  minerals  are 
arranged  at  right  angles  to  the  stress  Avhieh  brought  about  the  cleav- 
age. The  cleaA’age  planes,  since  they  are  the  planes  of  these  longer 
dimensions  of  the  particles,  may  thus  l)e  used  to  determine  the  direc- 
tion of  maximum  compression  to  Avhich  the  rock  has  been  subjected. 
It  is  characteristic  of  regional  metamorphism  that  the  maximum  istress 
direction  is  uniform  over  large  areas;  hence  cleavage  also  (megascopic) 
and  mineral  elongation  (mieroseopic)  AA’ill  be  uniform  over  large  areas. 

Causes  of  cleavage  and  mode  of  recriisfallization.  The  student  of 
metamor])hic  geology  Avill  find  the  ju’eceding  sections  a mere  restate- 
ment of  the  most  elementary  facts.  They  have  been  Avritten  for  the 
slate  producer  or  consumer  or  the  ])r()duction  engineer,  rather  than 
for  the  tectonic  geologist.  It  does  not  seem  necessary,  in  A’ieAV  of  the 
purpose  of  this  bulletin,  to  discuss  in  full  the  theoretical  bearing  of 

^ See  especially  A’an  Hise,  C.  R.,  A treatise  on  inetamorphisiii;  U.  S.  Gieol.  Survey 
Mon.  XLA’II,  1904;  Leith,  C.  K.,  and  Mead,  W.  ,J.,  Jletamorphic  geology,  Henry  Holt 
and  Co.,  New  York,  1915;  Grubeninann,  U.,  and  Niggli,  1’.,  Die  Gesteiiismetamorphose, 
Gebr.  Borntraeger,  Berlin,  1924. 
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stress  and  reerystallization  upon  tlie  development  of  slate  through 
metamorphism.  The  uriter  perndts  himself,  however,  the  following 
remarks  upon  the  more  intricate  theoretical  a.spects  of  these  i)rol)lenis. 
Structural  features  residting  from  metamorphism  are  se])arately  de- 
scribed under  the  title  “Secondary  Structural  Features”  (see  page 
21). 

There  has  been  much  tliscussion  as  to  the  causes  of  slaty  cleavage. 
That  true  cleavage  is  due  to  ])arallelism  in  the  longer  dimensions  of 
the  chief  ndneral  coustituents  seems  well  established.  P>ut  several 
questions  may  he  raised: 

1.  AVliat  is  the  natui-e  and  direction  of  the  deforming  pressure  and 
how  is  it  transmitted  ? 

2.  How  does  the  rock  resin)ud? 

3.  What  is  the  role  of  the  overburden? 

4.  How  does  time  affect  the  defoinnation  ? 

5.  What  is  the  greater  limit  of  deformation  in  forndug  slate, — at 
what  point  under  increase  of  metamorphism  does  slate  pass  into 
schist? 

1. — In  considering  the  pressure  that  develops  true  slate,  it  is  neces- 
sary to  study  the  behavior  of  the  rock  as  a whole,  rather  than  the  unit 
crystals.  The  latter  method  has  yielded  excellent  I’esults  in  the  hands 
of  Sandei''  but  is  unsatisfactory  in  dealing  with  most  commercial  slate 
for  the  following  reasons:  (1)  even  if  the  rock  be  thought  of  as  be- 
having much  like  a li<piid,  in  that  its  ease  of  recrystallization  yields  a 
texture  which  approximates  that  of  ])lastic  Hoav,  the  variability  in  the 
resistance  to  solution  and  distoidion  by  the  crystal  uidts  makes  physical 
analysis  in  minute  qiiaidities  uidmportant  in  reference  to  physical 
behavior  of  the  rock  as  a whole;  (2)  though  heterogeneous  in  detail, 
the  formation  is  homogeneous  as  a whole,  and  the  unvarying  strike 
ami  di])  of  slaty  cleavage  through  large  volumes  invalidates  considera- 
tion of  forces  that  are  only  operative  through  small  sections  of  the 
mass. 

In  general,  the  effective  pressure  that  develops  cleavage  is  cleai’ly 
horizontal  (or,  more  pro])erly,  tangential).  It  is  Avell  recognized  that 
a certain  minimum  pressure  caused  by  overburden  is  requisite  for  the 
development  of  slaty  cleavage,  hut  that  this  does  not  enter  as  an  effective 
co]ni)onent  is  obvious  from  an  analysis  with  assumed  increase  in 
lateral  com|)ression.  The  same  consideration  is  ai)pareid  from  the 
areal  I'elations  of  nearly  horizontal  cleavage  in  slate  (as,  for  exanqile, 
at  llangor,  Pennsylvania)  ; such  horizontal  cleavage  is  clearly  the  effect 
of  thrusting  or  overfolding  and  consecpient  tilting;  it  i-epresents  a flat- 
tening of  the  ellipsoid  of  strain,  as  pointed  out  in  analogous  fault  iu- 
slances." 

Whether  or  )iot  the  strain  is  rotational  or  irrotational  is  again  not 
recognizable  from  the  results;  the  effect  of  both  tyi^es  of  deformation 
will  be  the  same.  However,  the  presuni])tiou  is  that  at  least  the  later 
strain  is  rotational  in  all  those  cases  where  the  cleavage  occurs  in  folded 
beds  and  stands  inclined  to  the  vertical,  as  the  very  attitude  of  the  fold 
axes  indicates  .shortening,  and  shortening  in  a vertical  direction  through 
folding  is  not  accei)table  for  tectonic  reasons. 

^ Sanilpr,  Uniiio,  r:ofui“g<‘kuiiil(’  <lpr  (ipstciiic,  -liilivis  Siiriii^or,  Wien,  19,10. 

- C'hanilKTlin,  K.  T. , and  .Miller,  .T.  G.,  Low-angle  faulting:  .Jour.  Geol.,  v<>l-  26- 
pp.  1-44,  1918, 
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We  may,  tlieret'oro,  lygard  the  forces  that  initiate  slaty  cleavage  as 
being  essentially  tangential,  leaving  out  of  aeeonnt  for  the  moment  the 
angle  between  the  cleavage  planes  and  the  planes  of  shear  in  the  strain 
ellipsoid  thus  developed. 

When  the  strain  elli))se  is  resolved,  it  is  seen  that  the  component  of 
maximum  stress  is  at  right  angles  to  the  maximnni  elongation  of  the  el- 
lipse at  any  single  moment.  This  is  the  case  whether  the  interpretations 
of  Becker  or  of  Leith,  discussed  below,  are  accepted.  The  nia.jor  force 
transmitted  passes  throngh  the  rock  mass  in  viidnally  parallel  directions 
and  essentially  uniformly;  in  the  latter  respect  it  resembles  hydraulic 
pressure,  a concept  supported  by  the  regional  nnifornuty  of  cleavage- 
plane  jmsition,  as  o])posed  to  the  stress  irregularity  in  the  earlier  stages 
of  folding  that  is  indicated  by  irregular  jiitches  in  the  axial  lines  of  the 
folds.  Particle  impinges  upon  particle,  and  although  initial  compact- 
ness was  assured  by  the  pre-cleavage  folding,  ditt'ei-ential  pressure 
through  the  rock  mass  as  a whole  remains  assured  by  continued  tangen- 
tial contraction  and  further  ad.instment  becomes  necessary.  A general 
homogeneity  of  the  rock  material  is  essential  to  this  uniform  jiressnre, 
otherwise  a tlowage  of  this  ]e.ss  resistant  oi”  less  st)lnl)le  material  around 
the  more  resistant  particles  would  result. 

2.. — The  (piestion  of  the  manner  of  response  of  the  rock  is  obvion.sly 
identical  with  that  of  the  origin  of  slaty  cleavage.  Sorby^  regarded 
slaty  cleavage  as  essentially  a depositional  feature,  but  even  much 
earlier  its  secondary  nature  was  recogiuzed.-  Since  the  time  of  Sorby 
the  cause  of  cleavage  has  received  critical  study  by  Van  Ilise,  Becker, 
Leith,  Grnbenmann,  Sclnuidt,  and  manj-  others. 

Two  fundamentally  different  viewpoints  may  l)e  recognized.  The 
first  of  these  attributes  slaty  cleavage  to  essentially  physical,  supra- 
molecular  or  at  the  least  molecular  adjustments,  without  important 
chemical  change.  The  second  interpretation  assigns  slaty  cleavage  to 
chemical  changes, — primarily  solution  and  recrystallization.  Nearly 
every  geologist  has  aece])ted  both  types  of  processes,  but  has  either 
stressed  one  or  the  other  as  the  more  important.  Many  have  appealed 
to  “flow”,  meaning  by  this  term  a special  kind  of  adjustment  very 
different  from  the  irregular  behavior  of  molecules  in  a non-rigid  ma.ss. 

Among  those  who  assign  cleavage  chiefiy  to  physical  adjustments, 
Leith  and  Becker  may  be  mentioned.  Becker'^  a.ssigns  cleavage  to 
“tlow”  and  cleavage  planes  are  called  liomolognes  of  shear  planes. 
Despite  the  great  contribution  made  by  Becker’s  analysis,  serious  ob- 
jections must  be  raised  against  applying  this  viewpoint  to  slaty  cleavage. 
There  is  no  evidence  of  frictionless  movement  within  the  rock  mass  in 
tlie  growth  of  slate.  Indeed,  true  tlowage  cannot  take  ])lace  after  the 
definitive  relative  position  and  thickness  of  the  parts  of  folds  are  at- 
tained, whereas  almost  all  of  the  process  of  cleavage  formation  must 
follow  that  attainment, — otherwise  the  cleavage  itself  woidd  be  de- 
formed. Nor  is  there  any  tendency  toward  rniffure  througb  scission, 
Slat.v  cleavage  is  thus  neither  due  to  shear  nor  to  true  flow.  This  fault 
in  an  otherwise  very  stimulating  and  careful  study  is  recognized  liy 

Sorby,  H.  C.,  On  the  structure  and  origin  of  non-calcareous  stratified  rocks:  Quart. 
Jour.  Geol.  Soc.  London,  vol.  3(>,  p.  TO,  1&>0. 

= Phillips,  John,  The  cabinet  cyclopaedia, — Natural  History,  vol.  J,  London,  TS37, 
pp.  125-126. 

2 Finite  homogeneous  strain.  How,  and  rupture  of  rocks:  Geol.  Soc.  Am.  Bull.,  vol. 
IV,  pp.  13-90,  1893;  Schistosity  and  cleavage:  Jour.  Geol.,  vol.  IV,  pp.  429-4-48,  1896; 
Schistosity  and  cleavage:  U.  S.  Geol.  Survey  Bull.  241,  1904. 
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Sander.^  Becker’s  shear,  scission,  or  cleavage  planes  are,  in  short,  com- 
parable with  tlie  “fracture  cleavage”  planes  of  Leith,  and  even  oc- 
eni)y  identical  ])ositions  in  the  strain  ellipsoid. 

Like  Becker,  Leith-  speaks  of  rock  ‘ ‘ tlowag’e  ’ ’,  by  which  is  meant  any 
tyi)e  of  internal  adjustment,  some  of  it  chemical;  this  permits  too  wide 
a construction  of  the  term  “tlowage”.  Of  Leith’s  four  ways  in  which 
cleavage  (“How  cleavage”)  is  brought  about®  two  only  are  of  import- 
ance in  commei’cial  slates,  the  other  two  operating  chietly  in  rocks  of 
heterogeneous  mineral  composition  or  in  such  as  are  highly  calcareous. 

Gliding,  tliough  operative,  especially  along  the  mineral  cleavage 
planes,  is  not  conspicuous  in  most  slates.  If  it  were  an  essential  feature 
jn  the  development  of  slaty  cleavage,  the  resulting  “en  echelon”  ar- 
I'angement  of  the  particles  should  be  common ; instead  it  is  very  rarely 
observed,  and  even  then  is  almost  wholly  confined  to  large  calcite  indi- 
viduals or  to  feldspars,  both  of  which  are  constituents  of  very  minor 
importance  in  most  well-cleaving  slates.  It  is,  however,  well  displayed 
in  schists  and  in  other  highly  deformed  rocks.* 

Granulation  is  an  aid  to  recrystallization — a “chemical”  process— 
and  to  “rotation” — a physical  one — for  it  favors  solution  and,  when 
followed  l)y  compaction,  it  may  yield  the  space  into  which  some  par- 
ticles can  rotate.  In  slates  it  is  especially  important  to  the  extent  to 
which  quartz  grains  are  affected.®  The  chief  constituents  of  slates,  how- 
ever, are  essentially  porplpyroblastic ; far  from  suffering  comminution, 
they  have  actually  been  enlarged  in  size. 

Rotation  of  individual  grains,  so  as  to  bring  the  larger  dimensions 
into  positions  essentiall.y  parallel  with  each  other  and  with  the  cleavage, 
is  ]n'obably  of  considerable  importance.  In  slates  and  schists  it  has 
beeen  described  by  Grnbenmann  and  Niggli,  by  Schmidt,  Sander,  and 
others,®  especially  in  the  ease  of  porphyroI)lasts  which  suffered  rotation 
during  their  formation.  Very  careful  measurements  have  shown  that 
(piartz  in  schistose  rocks  has  a definite  crystal  elongation  with  respect 
to  slaty  cleavage.'  Though  not  quantitatively  studied,  microscopic 
examination  of  Pennsylvania  slates  by  the  Avriter  points  partly  to  re- 
crystallization,  especially  at  the  ends  of  the  longer  axes  of  the  grains, 
but  also  in  part  to  rotation,  as  the  boundaries  of  the  original  grains  are 
visible  in  many  eases  and  the  (piartz  shows  undulatory  extinction  de- 
velo]ied  by  strain.  Naturally  such  rotation  is  .seen  only  in  grains  or 
crystals  Avhich  (1)  are  composed  of  a mineral  sufficiently  rigid  to  re- 
sist bending,  (2)  comsist  of  a mineral  lacking  cleaAmge  planes  along 
Avhich  gliding  may  take  place,  (3)  possess  a distinctly  longer  dimension, 
so  as  to  favor  development  of  unequal  stress,  ami  (i)  AATre  present  be- 
fore the  origin  of  the  slaty  cleavage.  Even  minerals  which  might,  near 
the  surface,  be  regarded  as  highly  resistant  to  bending  and  gliding  may 
at  depth  yield  in  these  manners,  rather  than  by  rotation.®  In  slates, 
hoAvever,  Avbere  the  mica  Hakes  form  the  dominant  mesostasis  between 
such  more  refractory  grains,  the  latter  are  able  to  adjust  themselves  by 
displacing  the  more  soluble  and  less  rigid  mica. 

^ Gefuegekunde  <ler  Gesteine,  .liiliiis  Springer,  AVien,  19i0,  p.  99. 

((  l.eitli,  C.  K.,  Kook  cleavage:  U.  S.  Geol.  Survey  Bull.  239,  pp.  6l>-66,  1905. 

^ op.  eit. , pp.  71-76,  1905. 

■'See,  for  example,  Leith,  O.  K.,  op.  cit.,  Plate  XII,  A,  1905. 

('Sander,  Bruno,  op.  cit.,  p.  175. 

“For  exainiiles  see  Grubenmann,  U.,  and  Niggli,  Paul,  Die  Gesteinsmetaniorphose, 
Part  I,  Gebr.  Borntraeger,  Berlin,  1924,  p.  469;  Saiuler,  Bruno,  op.  cit.,  p.  224. 

'('Schmidt,  AV.,  Statisti.sclie  mcthode  beim  Gefuegestudium  kristalliner  Schieler;  Wiener 
Akad.  der  AVissentsch.  Sitzungs-Berielit,  vol.  126,  1917. 

® Sander,  Bruno,  op.  cit..  Fig.  66. 
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As  to  tlie  opposing  theories  of  Becker  and  Leith  Avith  respect  to 
orientation  of  slaty  cleavage,  it  is  readily  seen  that  they  approach  each 
other;  this  is  especially  true,  as  pointed  out  by  Sander,^  if  internal 
rigidity  and  friction  under  pre-cleavage  conditions  are  lacking  or  nearly 
so,  in  Avhich  case  the  angle  between  the  niaxinuun  stress  direction  and 
the  planes  of  shear  approaches  90°, — that  is,  it  approaches  the  relation 
inferred  by  Leith.  Bucher’s  develoinnent  of  tlie  angle  of  shear  and 
maximum  stress  leads  to  the  same  conclusion-  if  shale  in  its  pre-slate 
condition  approximates  a plastic  rock,  as  is  most  likely  the  case. 

To  be  entirely  satisfactory,  any  explanation  of  cleavage  must  include 
extensive  recrystallization.  The  general  lack  of  deformation  in  the  pre- 
dominant constituents  of  the  rock,  especially  mica  and  chlorite,  seems 
to  argue  against  rotation,  gliding,  and  graiudation  as  the  principal 
means  of  ad.iustment.  The  essential  change  from  shale  to  .slate  is  in 
the  growth  of  the  secondary  mica, — a chemical  process.  This  fact, 
though  ])erhaps  not  generally  giA’en  the  proper  emphasis,  was  certainly 
Avell  recognized  by  Van  Hise  and  Leith;’  lately  it  has  been  amplified 
and  restated  by  Berg  and  by  Grubenmann  and  Xiggli.^ 

It  has  generally  been  inferred  from  jietrographic  relations  and  has 
more  recently  been  demonstrated  by  experimental  methods”'  that  enough 
potassa  can  be  held  through  “sorption”  by  clayey  compounds  to  yield 
the  3 : 1 molar  ratio  Avith  hydrous  aluminum  silicate  neces.sary  for  the 
making  of  pota.sh  mica;  such  “sorption”  i.s  greatest  if  the  potash  is  in 
the  form  of  the  carbonate,  and  probably  becomes  a chemical  reaction, 
in  place  of  ad-  or  absorption  Avhen  pressures  are  sufficiently  raised. 
Thus,  a clayey  mud  laid  cIoavu  in  the  sea  may  alreadj-  hawe  approxi- 
mately the  constituents  required  to  give  mica. 

Let  the  shale  he  assumed  to  consist  initially  of  irregularly  .shaped 
particles  of  “clay”  arranged  AA’ith  longer  dimensions  at  random,  as 
AA'ell  as  rarer  grains  of  quartz  and  other  minerals.  If  force  is  exerted  on 
the  irregularly  shaped  clayey  particles,  by  pressure  transmitted  through 
ad.iaeent  grains,  the  stressed  grains,  at  the  contact  ])oint,  Avill  become 
.slightly  soluble  (Rieke’s  principle®)  in  aqueous  solution  of  potassium 
carbonate.  In  such  cases  the  process  of  solution  is  highly  selectiA'e 
especially  in  so  heterogeneous  a rock  as  clay, — both  as  to  mineral  species 
(mica  perhaps  being  more  soluble  than  (juartz),  and  as  to  individual 
crystals  of  the  same  species.  The  product  is  a semi-litpiid  or  a liquid, 
Avhich,  if  the  rock  continues  under  direct  stress,  tends  sloAA'ly  to  move 
into  a region  of  reduced  compression, — namely,  the  space  Avhere  grains 
are  not  actually  in  close  contact ; most  generally  this  is  at  the  frayed-out 
ends  of  the  crystals.  Here  jiotassa,  alumina,  and  silica  ions,  dissociated 
from  tlieir  original  compounds  through  solution,  may  recombine  chemi- 
cally so  as  to  yield  the  complex  molecules  of  sericite  and  related  micas. 
If  FCoOa  and  bHalent  metals  of  the  alkaline  earth-group  are  present, 
there  results  a groAvth  of  chlorite  in  ]')lace  of  sericite.  Constant  elonga- 
tion in  the  direction  of  least  stress  and  simultaneous  reduction  by  solu- 
tion in  the  oiiposite  direction  finally  produce  jiartieles  Avliich  abut 

'Op.  eit. , p.  09. 

Budipr,  AV.  H.,  The  nieehaiiicitl  interpretation  of  joint.s:  -lonr.  Geol.,  vol.  XXIX,  jip. 
14-16,  1921. 

^ A'an  Hi.se,  C.  R.,  Treatise  on  metaniorphi.sm:  U.  S.  Geol.  Survey  Alon.  XI.A’II,  lo 

778,  1904;  Leith,  C.  K.,  op.  eit.,  pp.  67-70,  1905. 

■*  Op.  eit.,  pp.  46.3-464. 

^Noll,  AA'.,  Die  Sori)tion  ties  Kalinins  in  tonifren  .Sediinenten  iind  ihre  liedeutung  fnr  die 

hildung  dea  Kaliglinimers  bei  tier  Metamorpho.se:  Chemie  der  Erde,  6 (1).  pp.  1-50,  1930. 

“ Rieke.  K.,  Zur  Erniederung  des  Sehmelzpnnktes  dnreli  einseitigen  Druok  Oder  Zug: 
Zentralbl.  f.  Min.,  p.  97,  1912. 
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ag’ainst  each  other  at  their  ends;  yet  even  thus  groivtli  niaj^  be  continued 
])y  a closer  dovetailing  of  such  ends  nntil  the  texture  is  finely  meshed 
and  interwoven  so  that  no  nnoccuined  space  exists  in  the  mass.  During 
this  pi-oeess,  preexisting  and  commonly  im])nre  crystals,  not  accord- 
antly oriented,  are  being  selectively  eliminated  by  solution.  The  devel- 
ojunent  of  chlorite  or  mica  slate,  with  the  chai*acteristie  cleavage,  is  thus 
a change  in  the  direction  of  molecular  differentiation  into; 

(a)  monad-oxides  combined  with  ALO^,  SiOj  and  water; 
this  constitutes  secondary  mica,  especially  sericite; 

(b)  diad-oxides  combined  with  ADOg,  FegOg,  SiOg,  and 
water  ; this  constitutes  secondary  chlorite  ; 

(c)  and,  from  chemical  considerations,  free  silica;  this 
appears  as  free  secondary  cpiartz.^ 

Accessory  minerals  present  in  slates  are  proba])ly  largely  developed 
from  the  excess  ions  over  what  are  recpiired  for  the  formation  of  the 
princi]ial  constituents  mentioned  above',  or  they  rei)resent  impurities 
iu  the  sedimentary  clay,  mica  and  other  minerals,  Avliich  have  been 
eliminated  by  recrystallization. 

A further  factor  operating  in  the  same  direction  is  osmotic  pressure, 
as  set  forth  in  the  well-established  principle  of  Soret^,  Avhich  states  that 
iu  a solution  having  a thermal  gradient,  the  solute  will  travel  in  the  di- 
i-ection  of  the  gradient  and  toward  the  cooler  parts.  Some  heat  is  un- 
(piestionably  deveh)])ed  in  connection  with  increased  pressure  at  tlie 
point  of  contact  between  grain  and  grain.  For  any  single  grain  a thermal 
gradient  is  thus  established,  and  hence  from  thermal  considerations  it  is 
wholly  likely  that  the  molecules  of  the  solute  will  move  away  from  the 
]iart  of  the  grain  uudei-  eom]u-ession  and  thus  migrate  in  the  direction 
of  least  stress  for  of  definitive  grain  elongation).  In  the  direction  of 
least  stress,  therefore,  and  of  greatest  grain  elongation,  there  will  be, 
for  thermal  reasons,  a concentration  of  solute  molecules,  which  promotes 
local  precipitation  and  hence  furthers  grain  elongation  in  that  direction. 

Those  porphyroblasts,  such  as  Sander’s  and  Schmidt’s  “querglim- 
mer, ” Behre’s  chlorites,  and  Born’s  unusnal  biotites,*  arc  perhaps  due 
to  later  shear  with  changing  stress-directions.  They  may,  however,  also 
re]U’esent  poi'phyroblasts  that  have  grown  after  the  development  of 
slaty  cleavage  iu  a rock  ivliich,  through  recrystallization,  has  obtained 
a very  high  density  and  hence  has  its  internal  stress  essentially  equal 
in  all  directions;  tliis  circumstance  favors  crystal  groivtli  according  to 
fortuitous  orientation,  as  though  the  crystal  nucleus  had  been  suspended 
in  solution.  Thus  ]mrphyi'ol)lasts  re])resent  a latei'  stage  than  the  first 
develoiunent  of  slaty  cleavage,  although,  as  Sander  and  others  have 
shown,  still  later  changes  may  reorient  both  cleavage  and  porphyro- 
blasts. 

Schmidt®  has  very  propeily  ])ointed  ont  the  very  great  importance  of 

1 lirammall,  Alfrod,  Reconstitution  processes  in  shales,  slates,  and  phyllites:  Mineral- 
ogical  ilag.,  vol.  XIX,  p.  2ii,  1921. 

- nranimall,  Alfred,  op.  cit.,  p.  224. 

“ Soret,  Chas.,  Sur  I'etat  d’eipiilibre  que  prend,  au  point  de  vue  de  concentration,  une 
dissolution  saline  priniitivcnient  homogene  dont  deux  parties  sont  portees  a des  tempera- 
tures differentes:  Ann.  Cliim.  et  Rhys.,  ser.  5,  vol.  XXII,  p.  297,  1881. 

Sander,  Bruno,  Uefuegekunde  der  Gesteine,  .Inlius  Siuinger,  Wien,  1980,  tig.  84,  p. 
208;  Belire,  0.  H.,  ,Tr.,  Slate  in  Xorthainpton  County,  Pennsylvania:  Pa.  Geol.  Survey 
Bull.  JI-9,  p.  89,  1927;  Born,  Axel,  Ueber  Urucksehieferung  im  Varistisehen  Gebirgskoerper: 
Portschritte  der  Geologie  u.  Palacontol.,  vol.  VII,  no.  22,  plate  VII,  fig.  7,  1929. 

5 Schmidt,  Walter,  Gesteinsuniformung:  Naturhist.  Mus.  in  Wien,  Denkschrift. , Bd. 
3,  pp.  45-50,  1925. 
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crystal  direction  in  its  bearino-  Ttpon  crystal  growth  and  (bd'cianation. 
Very  probably  I'ecrystallization  o])erates  vectorially  in  S(‘lecting  for 
growth  favorably  oriented  crystal  nuclei,  tbns  rejiresenting  a combina- 
tion of  Rieke’s  princijile  and  space  lattice  selection.  Not  ojdy  does  the 
vector  affect  precijntation,  however,  l)y  indncing  the  growlli  of  tlie  fa- 
vorably oriented  crystals,  bnt  it  also  influences  solution  as  mentioned 
above  and  as  fii’st  strongly  ni'ged  by  Schmidt.^  Early  rotation  of 
nuclei  may  also  conti'ibnte  to  crystal  parallelism. 

The  cprestion  of  the  initiation  of  crystallization  is  es])ecially  difficnlt 
and  may  justifiably  be  saved,  as  here,  till  last.  Probably  every  clay  has 
to  start  with  enough  mica  to  serve  for  “seeding”  muscovite  crystalliza- 
tion. For  chlorite,  however,  this  statement  does  not  apply.  The  move- 
ment in  the  direction 

hydrous  aluminum  silicate  -|-  potassi\nn  carbonate 
• > sericite  -|-  carbon  dioxide 

or  the  analogous  formation  of  chlorite  is  probably  conditioned  by  a 
thermal  change;  it  is  an  endothermic  reaction. — as  empirically  indi- 
cated by  the  sericitization  and  chloritization  in  contact  metamorphism. 
In  this  case  “seeding”  is  probably  not  even  necessary;  shoidd  it  take 
place,  however,  then  the  general  elongation  of  sedimentai-y  mica  flakes 
parallel  to  the  bedding  will  furnish  a ready  exi)lauation  for  the  freque7it 
growth  of  secondary  mica  and  thus  also  development  of  schistosity 
(“S-planes”)  parallel  to  the  bedding,  as  so  greatly  emphasized  in  the 
writings  of  Schmidt  and  Sander  under  the  name  of  “ Abbildungskristal- 
lisation.” 

3. — The  role  of  the  overburden  is  recognized  by  all  investigators. 
At  least  a modei'ate  cover  is  necessary  to  insure  the  growth  of  slaty 
cleavage ; in  its  absence  the  rock  yields  by  fraetnre  or  along  shear 
planes,  giving  faults,  or  it  flows  without  reery.stallization.  In  Pennsyl- 
vania the  cover  above  tbe  Devonian  shales  of  Carbon  County  was  be- 
tween 6,580  and  15,850  feet  and  it  may  have  been  between  P2. 200  and 
21,515  feet  thick  above  tbe  Ordovician  shales  of  the  Lehigh-Xorthamp- 
ton  district,  according  to  Ashley.-  Even  at  the  relatively  shallow  depths 
at  Avhich  slate  may  be  formed,  slight  differences  in  overburden  may  de- 
termine whether  the  metamorphic  product  shall  be  clay  slate,  slate,  or 
phyllite.® 

Nevertheless,  simple  load  or  “static”  nietamor])hism  does  uot  in 
general  effect  the  change  from  shale  to  slate.  It  is  safe  to  say  from 
known  facts  that  static  load  alone  has  not  given  origin  to  any  of  tlm 
commercially  wmrked  slates  of  the  United  States.  In  American  litei'a- 
ture  in  general  static  metamorphism  is  but  rarely  called  uiion  to  explain 
slaty  cleavage^  and  abroad  the  emphasis  is  placed  more  and  more  upon 
internal  movements  of  rocks  and  le.ss  and  less  on  sinpfle  gravity  stresses. 
Though  it  is  recognized  that  static  pressure  may  induce  changes  in 
mineral  composition,  especially  in  the  case  of  hydrated  minerals,®  the 
development  of  slaty  cleavage  does  not  represent  a very  high  degree 

Op.  cit.,  p.  .'iO. 

= Oral  communication.  lO.il. 

® Born,  Axel.  Uebcr  Druck.scliiefoning  im  varistisolien  Gebirg.ckoorper:  Bortsi'lirittc?  iler 
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of  nietainorphisni  and  is  apparently  always  connected  with  folding  and 
lateral  tlirust,  rather  than  with  very  deep  burial. 

It  is  probable  that  the  amount  of  differential  pressure  necessary  to 
produce  reaction  between  tlie  kaolin  (or  allophane)  and  potassium  car- 
bonate in  the  forming  of  sericite,  might  he  determined  by  a rigorous 
tliermodynamic  treatment,  given  certain  values,  not  as  yet  determined, 
of  the  constituents.  AVhat  is  necessary  in  any  case  is  a pressure  differ- 
ential, for  this  alone  can  produce  the  reorientation  required,  whether 
by  ])hysical  or  chemical  means.  Conceivably,  however,  a differential 
value  for  horizontal  and  tangential  stresses  equal  to  that  which  fre- 
quently develops  slaty  cleavage  might  exist  without  resulting  in  such 
cleavage;  this  may  well  have  been  the  case,  for  instance,  where  shale  has 
been  folded.  The  difference  between  j)lastic  flow  and  incompetent  fold- 
ing on  the  one  hand  and  cleavage  development  on  the  other  must  lie  in 
the  high  value  of  the  minimum  (downward)  pressure  required  to  pro- 
duce the  latter.  Until  that  value  is  attained  a differential  between 
tangential  and  downward  pressure  produces  only  shear  along  well- 
se])arated  planes  or  folding  with  fracture  or  with  plastic  flow, — not  re- 
crystallization.  The  reason  for  this  behavior  is  obvious  from  a consider- 
ation of  temperature-pressure-solubility  curves. 

If  temperature  is  plotted  ag’ain.st  pressure  for  a solution  exactly  at 
saturation,  the  coiicentration  remaining  constant,  it  is  found  that  in- 
creases in  tempei'ature  and  pressure  are  approximately  reciprocal.  In- 
creases in  temperature  with  constant  pressure  increase  the  solubility; 
from  the  principle  of  Le  Chatelier,  solubility  is  also  increased  with  arise 
in  pressure,  even  at  constant  temperature,  because  solutions  occupy  a 
smaller  volinne  than  the  sum  of  the  volumes  of  solvent  and  solute.  As 
dejffh  is  gained,  therefore,  solubility  is  raised,  partly  because  the  total 
pressure  regardless  of  direction  is  Increased,  partly  because  the  tem- 
perature rises  according  to  the  geothermal  gradient.  If,  with  great 
de])th,  the  differential  between  static  (vertical)  pressure  and  dynamic 
pressure  (tangential  “thrust”)  is  slight,  cleavage  cannot  become  well- 
developed.  but  crystal loblasts  may  be  conspicuous.  If  the  differential 
stress  could  be  increased,  orientation  would  grow  more  and  more  per- 
fect. and  finally  good  slat.v  cleavage  would  be  attained. 

Since  most  folding  is  carried  on  at  relatively  shallow  depths,  the  true 
schists  are  generally  formed  from  preexisting  slates,  and  this  only  as 
moro  and  uiorp  sediments  accumulate  above  them  or  as  overthrusting 
or  close  folding  contribute  to  the  superincumbent  rock  mass;  hence  por- 
phyroblasts  commonly  appear  comparatively  late  in  the  development 
of  a highly  iiietamoiqvhosed  rock  and  slaty  cleavage  precedes  them. 

There  are  difficulties  in  this  concept  which  will  occur  to  the  critical 
reader,  especially  in  resj)ect  to  the  mode  of  overburden  increase  in  con- 
nection with  the  mountain  folding  which  generally  initiates  metamor- 
]ffiism.  These,  however,  cannot  be  considered  here. 

4. — It  is  csi)ecially  difficult  to  evaluate  the  time  factor  in  the  develop- 
ment of  slaty  cleavage.  “Flowage”  of  a sort  can  be  induced  in  rock 
under  the  mere  transverse  stress  developed  by  the  weight  of  the  rock 
itself,  if  sufficient  time  elapses;  witness  to  this  is  borne  by  the  “sag- 
ging” of  doubly  suspended  limestone  and  marble  grave  covers.  Just 
liow  this  specific  case  of  “flowage”  is  accomplished — whether  by  glid- 
ing, recrystallization  or  intergranular  shear — is  not  known.  Lateral 
thrust  in  the  surface  of  the  earth  is  powerful,  yet  slowly  applied;  given 
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time  “flowage”  takes  place  -where  sudden  movements  -would  induce 
fracture ; beautifully  sigmoid  slate  flakes  found  in  some  Lehigh  County 
quarries  bear  out  this  statement.  Corresponding  micro.struetures  are 
seen  even  in  minerals  -with  such  high  crmshing  strengths  as  quartz,  de- 
formed but  unfractured  crystals  of  which  are  frequently  found  in  slate. 
Time  is  thus  of  prime  importance  in  determining  the  forms  -which  meta- 
morphism will  induce  in  clayey  sediments. 

Although  quantitative  expressions  for  the  specific  case  of  slate,  and, 
in  fact,  of  rocks  in  general,  are  wanting,  a brief  discu.s.sion  of  the 
factors  aft'ecting  the  rate  of  metamorphism  is  justified.  The  physical 
etfect  of  time  may  perhaps  be  condensed  into  the  statement,  already  ])i’e- 
sented  in  other  form,  that  a long  time  interval  permits  internal  read- 
justment of  the  nature  of  plastic  flow.  Uniform  “surrounding  ])res- 
sure”  of  high  values  favors  “flowage”  in  the  sense  of  adjustment  by 
gliding,  rotation,  and  the  like, — physical  adjustments  of  molecular'  or 
crystal  size,  as  opjrosed  to  rupture  aft'ecting  rock  masses  as  a whole; 
this  was  most  recently  demonstrated  by  Karman.^  In  short,  })ressure 
and  time  are  both  functions  of  non-ruptural  deformation. 

Recrystallization,  being  conditioned  by  time,  is  also  conditioned  by 
factors  affecting  time.  Diffusion,  an  essential  in  recrystallization,  re- 
quires time  for  its  completion.  For  sodium  chloride  at  molar  concen- 
trations and  15° C.,  the  rate  is  only  .94  sq.  cm.  per  day.  For  tlie  silicates 
it  is  vastly  less.  Its  rate  is  further  reduced  if  it  has  to  operate,  as  it 
does  in  this  case,  through  solid  rock.  Yet  it  slioidd  be  recalled  that  the 
molecular  movement  requii-ed  for  recrystallization  is  in  itself  minute 
per  molecule,  as  mica  crystals  in  true  slates  are  seldom  over  .(12  mm. 
in  length  and  individual  molecules  cau  scarcely  have  moved  a much 
greater  distance.  Moreover,  highly  ionized  salts  diffu.se  more  rai)idly 
than  compounds  that  are  only  slightly  ionized.  The  fact  that  in  re- 
crystallization one  of  the  salts  entering  the  reaction  is  i)otassiuni  car- 
bonate favors  relatively  rapid  diffusion.  On  the  other  liand,  iiuless  a 
closed  system  is  assumed,  the  readjustment  of  cleavage  to  fit  new  direc- 
tions must  necessarily  be  a much  slower  process,  because  it  deals  with 
weakly  ionizing  salt  (sericite  and  chlorite)  or  colloids  (silica).  Finally, 
diffusion  rate  is  greatly  increased  with  concentration,  and  concentration 
of  the  molecules  of  recrystallization  mu.st  be  high  indeed.  Also  diffusion 
rate  is  greatly  increased  with  temperature. 

Perhaps,  then,  all  that  may  be  derived  from  a consideration  of 
physico-chemical  evidence  regarding  the  time  required  for  recrystalliza- 
tion,  is  some  impression  of  its  great  length.  This  is  heightened  when 
the  geologic  time  scale  is  considered.  The  time  periods  during  Avhich 
orogeny  acted  in  developing  slaty  cleavage  in  various  slate  lielts  of 
the  earth,  were  always  long.  If  it  be  assumed  that  the  latter  half  of  tlie 
Permian  was  consumed  in  Appalachian  orogeny,  then,  based  upon 
Scuchert’s  data,-  the  time  required  for  the  folding  and  metamorphism 
of  the  Devonian  shales  of  Carbon  County,  Pennsylvania,  amounted  to 
7,500,000  years;  this  figure  is  probably  too  high.  Again,  if,  as  the 
writer  thinks,  the  uppermost  Ordovician,  lacking  in  eastern  Pennsylva- 
nia, represents  the  Taconic  period  of  orogeny,  a figure  of  7,500,000 
years  is  arrived  at  for  the  time  interval  during  which  the  Martinsburg 


^ Karman,  Th.  von,  Festigkeitsversuche  unter  allseitigem  Druck:  Zeitschr.  des  Vereins 
Deutsch,  Ingen.,  vol.  LV,  pp.  1719-57,  1911. 

2 Pirsson,  L.  V.,  and  Sohuehert,  Charles,  Introductory  geology.  Part  11,  Wiley  and 
Sons,  New  York  City,  IP'it,  p.  485. 
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shales  Avere  folded  and  altered  to  slates.  These  estimates  have  no  great 
value,  since  they  include  the  earlier  adjustments  by  folding  as  Avell  as 
the  later  formation  of  cleavage.  They  do,  however,  give  the  order  of 
magnitude  of  the  time  involved  in  metamorphism. 

A second  cpiestion  may  be  raised : Is  recrystallization  contemporan- 
eous Avith  deformation  or  is  it  a distinctly  later  proce.ss'?  There  has  been 
mnch  discussion  of  this  subject,  Avell  summarized  by  Grubenmann  and 
Niggli.^  In  general,  to  judge  by  petrographic  appearances,  cleavage  de- 
velopment seems  to  l)e  continuous  Avith  plastic  deformation,  yet,  for  any 
s])ecific  part  of  the  rock  mass,  cleaA'age  must  be  later  and  fairly  definite- 
ly separated  in  time  from  plastic  deformation.  The  fact  that  crystals 
lie  AAutli  long  axes  transATrse  to  and  largely  actually  crossing  iudiAudual 
])edding  planes,  strongly  suggests  such  a definite  change  from  folding 
AAuth  plastic  deformation  to  cleavage  Avith  mineral  groAAdh.  Sericite 
flakes  that  are  straight  AAdiere  the  beds  are  cuiwed  l)y  folding,  as  figured 
by  Sander,  lead  to  a similar  inference." 

5. — The  develoinnent  of  tyjncal  schist  Iia"  the  regional  metamorphism 
of  slate  is  due  to  one  of  tAvo  processes, — either  heaA’y  recrystallization 
or  subsecpient  movement.  When  the  iieAvly  formed  mica  or  chlorite 
flakes  become  large  enough,  mica  or  chlorite  schists  result;  impurities 
eliminated  in  this  recrystallization  may  combine  to  form  new  and  im- 
portant accessories.  If  contact  phenomena  are  associated  Avith  the  I’e- 
gional  pressure,  neAA’  minerals  may  grow  to  the  extent  that  the  rock 
changes  noticeabl3^  not  onlj^  in  mineralogical  character,  but  in  chemical 
comjAOsition  as  Avell. 

IleneAA'ed  or  increased  compression  may  also  produce  a schist  through 
processes  more  nearly  related  to  mechanical  than  to  chemical  changes, 
hoAvever.  This  results  predominantly  in  the  development  of  “sli]) 
cleavage”  or  false  cleavage,  described  elseAAdiere  in  this  report.  Not  all 
slip  cleaA'age  is  a preliminary  stage  in  schist  formation ; there  may  be 
purely  local  conditions  for  its  appearance,  and  in  this  case  the  term 
schist  cannot  justifiably  be  applied  to  the  entire  formation.  But  if 
over  a region  as  a AA'hole  false  cleavage  iiredominates,  the  slaty  beds 
affected  Avill  already  shoAv  many  of  the  characteristics,  especially  the 
erum])ling,  of  a schist.  Factors  favoring-  the  deA-elopment  of  false 
cleavage  are : 

a. — A marked  change  in  the  direction  of  compression  AAuth  respect 
to  the  previous  direction,  especiallj"  if  such  pressure  is  so  ab- 
ruptly applied  as  to  preclude  readjustment  to  the  neAv  direction. 

1). — A rotational  or  shearing  stress,  again  too  rapidlj"  developed  to 
permit  readjustment  of  cleavage.  This  cannot  be  distinguished 
AA'ith  certainty  from  (a)  ; Avhen  the  cleavage  is  deformed  along 
limited  shear  planes,  hoAA-ever,  the  presumption  is  that  shearing 
sti'ess,  rather  than  general  change  in  direction,  is  the  cause. 

c. — Variation  in  composition,  as  from  originally  shaly  to  originally 
sandy  beds;  this  promotes  the  development  of  gliding  ])lanes 
parallel  to  the  bedding  in  ease  of  subsecpient  resumption  of  com- 
pressive .stress,  since  recrystallization  is  generally  poor  in  the 
sandy  layers,  Avhich  thus  still  retain  a unity  of  movement. 


^ Op.  c-it.,  pp.  235-239. 
-Op.  cit.,  p.  262. 


WEATHERING  OF  SLATE 


G1 


AVEATHEKIXG  OF  SLATE. 

In  addition  to  the  early  weathering-  which  yields  the  color  changes 
already  described  on  pages  19-20,  long  continued  attack  by  air  and 
water  prodnces  more  fundamental  and  critical  changes  that  affect  the 
workability  and  utilization  of  slate.  These  may  be  briefly  discussed 
under  two  headings, — physical  changes  and  chemical  changes. 

Physical  effects  of  prolonged  iceathering.  In  general  the  earlier 
color  changes  amount  to  a iraliiiS%  coupled,  in  the  presence  of  iron  car- 
bonates, oxides,  or  snlphides,  with  a faint  browning  through  the  forma- 
tion of  limonite.  As  the  ])rocess  goes  further,  the  colors  Ijecome  lighter 
and  lighter,  or  are  tinged  progressively  more  and  more  with  brown. 
Thns  in  extreme  weathering  the  bine-gray  slates  of  the  Lehigh-Xorth- 
ampton  district  change  fir.st  to  a lighter  gray,  then  to  brownish-yellow, 
and  finally  to  light  ocher:  the  very  dark  bine-gray  slates  of  the  Peach 
Bottom  district  assume  a jiecnliar  olive-brownish-gray  and  finally  alter 
to  a deep  brownish-red  clay;  and  green  and  red  slates  assume  various 
shades  of  chocolate-brown  or  ocher,  yielding  yellowish  or  reddish  clay.s. 
These  extensive  color  changes  require  thousands  of  years  for  eoni])le- 
tion  and  are  not  to  be  confused  with  the  color-aging  already  referred  to. 

AVhile  such  color  alterations  are  going  on,  corresponding  structural 
changes  may  also  be  observed.  If  the  slate  is  exposed  at  the  surface  of 
the  ground,  water  slowly  works  its  way  by  capillarity  along  cleavaye 
planes:  should  a frost  ensue,  the  cry.stallization  of  the  water  into  ice 
pries  the  slate  apart.  Even  without  freezing,  however,  and  indeed  in 
some  cases  throng'h  the  action  of  sudden  or  unequal  heating,  rather  than 
chilling,  the  cleavage  planes  .slowly  part  in  close  spacing,  and  lamellae, 
scarcely  thicker  than  heavy  paper,  se])arate  from  the  surface  of  the 
block.  Though  first  still  attached  to  that  surface  at  one  end,  these  thin 
flakes  idtimately  S]U’ing  oft’  from  it,  giving  an  appreciable  increase  in 
volume  and  entirely  spoiling  the  slate  for  use.  Esnally  one  edge  of  the 
block  shows  this  separation  along  cleavage  planes  exceptionally  well. 
It  is  this  tendency  to  exfoliation  along  the  cleavage  that  makes  it  de- 
sirable to  leave  the  .slate  in  the  ground,  where  it  will  be  protected  by  a 
soil  or  rock  cover,  or  beneath  the  level  of  the  quarry  water  until  it  can 
be  removed  and  immediately  split  to  the  desired  thickness. 

Physical  disintegration  by  exfoliation  parallel  to  the  cleavage  is  often 
especially  noteworthy  where  carbonaceous  layers  or  “rilibons”  cross 
the  beds.  These  “ribbons”  also  resist  the  abrasive  agents  of  weather- 
ing- (such  as  the  effect  of  sand  in  a .stream  bottom)  le.ss  well  than  do 
the  non-carbonaceous  layer-s. 

As  weathering  proceeds,  a marked  softening  of  the  stone  as  a whole 
is  generally  also  observable,  coupled  in  many  cases  with  the  develop- 
ment of  a talcose  or  greasy  feeling  and  lu.ster. 

,1//  neralogical  and  chemical  changes  on  prolonged  weathering.  This 
subject  has  been  studied  by  Dale,  Alerrill,  and  Shearer, chiefly  by 
comparing  the  fresh  slate  in  various  districts  with  its  residual  soil.  On 
the  basis  of  the  chana'es  involved,  slate  may  be  seiiarated  into  two 
classes.  The  first  of  these  includes  the  more  common  carbonate-rich 
slates,  like  most  of  those  of  Pennsylvania.  XAw  York,  and  AYrmont. 
A\"hen  these  break  down  through  the  action  of  air  and  water,  they  lose 

^ Dap,  T.  X.,  Op,  cit.,  pp.  53-55;  Merrill,  G.  P.,  Rocks,  rock-weathering  and  .soiis, 
Macmillan,  Xew  York,  pp.  213-215.  1906;  Shearer,  H.  K.,  The  slate  deposits  of  Georgia: 
Ga.  Geol.  Survey  Bull.  34,  pp,  20-22,  1918. 
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especially  their  carbonate  constituents,  because  these  are  the  more  sol- 
uble minerals.  The  effect  is  to  give  a relative  increase  in  silica,  the  alu- 
mina remaining  essentially  constant.  This  result  is  typified  by  analyses 
P>  and  C in  Figure  22,  representing  respectively  fresh  and  heavily 
weathered  slate  from  the  Lehigh-Northampton  (Pa.)  district^  and 
fre.sh  and  partly  decayed  slate  from  Rockmart,  Ga.^ 
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Fig.  22.  Diagram  of  chemical  changes  produced  in  the  weathering 
of  slate.  A,  Peacli  Bottom  slates  (after  Merrill)  ; B,  Lehigh-Northamp- 
ton slates  (after  Dale);  C,  Georgia  slates  (after  Shearer). 


Extensive  weathering  of  slates  of  this  general  type,  according  to  the 
studies  of  Dale,  Shearer,  and  the  -writer,  involve  the  follotving  funda- 
mental changes: 

1.  — Removal  of  carbonates,  any  iron  present  in  carbonate  minerals 

being  converted  to  limonite. 

2.  — Oxidation  of  iron  sulphides,  with  deposition  of  the  iron  as  limo- 

nite. 

3.  — Oxidation  and  removal  of  carbon  jiresent  in  the  form  of  graphite 

or  organic  compounds. 


1 Dale,  T.  X.,  op.  eit.,  p.  .">4. 
^Shearer,  H.  K.,  op.  eit.,  p.  21. 
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4. — Decomposition  of  silicates  (feldspar,  serieite,  chlorite)  ; the  alka- 

lies and  alkaline  earth  are  removed  as  carbonates,  and  the  iron 
remains  as  limonite. 

5.  — In  some  cases,  where  the  end  product  is  a light-colored  clay  (see 

analysis  B in  Figure  22),  limonite  is  also  removed.  AVhy  this 
change  is  well-shown  in  some  analyses  and  not  in  others  is  not 
clearly  understood,  but  the  difference  is  j)robahly  related  to  the 
stage  of  weathering  which  the  “clay”  represents.  Limonite  is 
most  probably  not  removed  in  relatively  large  (pnintities  prior 
to  the  last  stages  of  decomposition. 

The  second  tyj)e  of  weathering  is  shown  in  analysis  A,  Figure  22, 
which  represents  fresh  slate  and  the  corresponding  residual  clay  from 
the  Peach  Bottom  district  ’ ; this  slate  is  from  Alaryland,  but  is  e(iually 
representative  of  the  Pennsylvania  part  of  the  district.  Here  the  strik- 
ing changes  produced  by  extensive  weathering  are  the  decrease  in  silica, 
the  alkaline  earths,  and  the  alkalies,  and  the  relative  increase  in  alumina 
and  iron.  However,  at  least  a part  of  the  silica  decrease  in  this  instance 
is  certainly  due  to  the  fact  that  the  residual  clay  in  analysis  A has  suf- 
fered more  complete  leaching  than  the  only  partially  decayed  slates  of 
analyses  B and  C. 

In  comparing  these  two  types  of  weathering,  reference  should  l)e 
made  to  the  minei’al  constitution  of  the  original  .slates. 

quarra:  water. 

S^tmmary.  AVater  enters  the  quarry  in  five  ways: 

1.  Along  the  sides  of  the  quarry,  especially  at  the  corners ; in  this 
case  it  generally  represents  surface  run-off. 

2.  Along  the  bedding  planes,  particularly  where  there  are  oi)enings 
between  successive  beds. 

3.  Along  open  joints. 

4.  Along  cleavage  planes,  notably  where  stringers  of  quartz  or  cal- 
cite  laid  down  parallel  to  the  cleavage  were  later  in  part  dissolved 
away,  so  as  to  leave  gaping  openings. 

5.  Along  shear  or  fault  zones. 

A few  illustrations  of  these  modes  of  ingress  may  be  cited.  About  one 
mile  west  of  Bath,  Northampton  County,  on  the  Dannersville  road,  is 
a school-house.  A small  opening  has  been  made  on  a .side  road  IdUO 
feet  east  of  the  school.  In  the  east  wall  of  this  quarry  and  ten  feet 
above  its  floor  is  a zone  about  two  inches  wide  and  parallel  with  the 
cleavage ; this  is  now  only  partly  filled  with  quartz,  the  rest  of  the  fill- 
ing having  been  largely  dissolved  away.  Here  and  there  in  the  crevice, 
traces  of  the  cavernous  quartz  are  still  to  be  seen.  This  crevice  is  ice- 
filled  long  after  snow  disappears  in  the  spring,  and  evidently  con- 
tributes quarry  water. 

In  the  lower  level  of  the  New  A"ork  quarry,  five  miles  northeast  of 
Bangor,  Northampton  County,  is  a zone  of  movement  ap]iroxiniately 
parallel  to  bedding  and  bounded  by  a calcareous  bed  showing  slicken- 
sides  and  striae.  AVater  enters  freely  along  this  zone  and  apparently 
connects  with  the  ground  water  beyond  the  quarry,  as  the  ingress  of 


1 Merrill,  op.  cit.,  p.  214. 
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water  here  said  to  have  Ijeen  synehroiions  witli  the  flow  from  a nearby 
well.  It  aijpears  that  the  shattering  of  the  rock  by  the  drilling  of  the 
well  i)rodueed  a subterranean  passage-waj'  between  the  general  ground 
water  and  the  open  shear  zone  mentioned. 

In  the  Tinisman  quarry  at  Wind  Gap  water  enters  in  three  ways : 
(1)  along  the  sides  of  the  quarry;  (2)  along  bedding  planes,  especially 
near  the  surface ; (3)  especially  prominently  along  joints.  Some  joints 
are  partially  sealed  by  caleite,  but  many  are  open,  and  even  the 
small  ones  deliver  much  water.  From  one  very  narrow  joint  a gallon 
of  Avater  escaped  in  sixteen  minutes. 

In  an  impervious  rock  such  as  slate,  Avater  in  quantity  can  travel 
Avith  rapidity  only  along  open  joint,  cleavage,  and  fault  planes. 
“Perched”  Avater  tables  thus  develop,  AAuth  the  accompanying  hy- 
draulic pressures.  Because  of  such  “perching”,  adjoining  quarries 
frequently  shoAV  markedly  discordant  Avater  levels.  Thus  at  Slate- 
dale,  Northampton  County,  the  Avater  level  in  tAvo  quarries  not  more 
than  150  feet  apart  and  both  long  abandoned,  bIioaa's  a difference  of 
15  feet.  Such  “perched”  Avater  seeks  any  opening  that  Avill  alloAv 
it  to  sink  to  ground  Avater  IoatI.  Hence  quarries  are  sometimes 
suddenly  inundated  as  operations  expose  an  open  cleavage  crevice, 
joint,  or  partially  shattered  surface  of  shear. 

Effect  of  water  on  quarrying.  Besides  hindering  Avork  directly 
by  flooding  the  (luarry,  Avater  frequently  becomes  a serious  menace 
in  that  it  induces  “slides”  or  avalanches  of  rock  from  the  quarry 
Avails.  It  moistens  shattered  zones  and  thus  forms  a natural  lubricant 
along  Avhich  large  pieces  of  the  Avails  may  move  into  the  quarry  in 
mass.  In  this  Avay  almost  half  of  one  side  of  a large  (luarry  in  the 
“hard”  belt  of  Northampton  County  fell  into  the  opening;  three 
men  were  droAvned  in  the  surge  of  the  quarry  Avater  produced  by 
the  fall. 

In  the  Aviuter  seepage  Avater  freezes  and  makes  footing  uncertain 
in  the  quarry  bottom;  Avhere  this  has  a steep  slope,  a tall  is  serious. 

Some  advantages,  hoAvever,  are  contributed  by  (piarry  Avater.  It 
kee])S  the  slate  on  the  quarry  floor  saturated,  thus  reducing  the  ex- 
ti'emes  of  temperature  to  Avliich  it  might  otherAvise  be  exposed.  A¥hen 
slate  in  large  blocks  dries  out  comjdetely,  there  is  a tendency  for  it 
to  break  open  along  the  cleavage ; flexibility  in  splitting  is  thus  lost 
and  (piarry  Avaste  is  increased.  For  these  reasons  quarries  that  are 
to  be  shut  doAvn  temporarily  are  frequently  Hooded  on  purpose. 

Artificial  drainage.  Surface  run-olf  may  be  diverted  from  the 
(pmrry  by  a trench  that  circumscribes  the  opening  at  the  surface. 
Cuarry  Avater  entering  through  Avails  or  Hoor  is  commonly  drained 
to  the  loAvest-lying  corner  and  pumped  from  this  sump.  Lately  an 
improvement  has  been  introduced.  At  a ])oint  outside  the  Avails  and 
in  the  direction  from  Avhich  the  Avater  naturally  floAvs  tOAvard  the 
quarry  (that  is,  presumably,  up  the  cleavage  dip),  a six-inch  hole 
is  drille(l  to  such  a depth  that  it  pierces  the  av a ter-b earing  cleavage, 
bedding,  or  joint  planes.  Charges  of  dynamite  are  fired  in  the  hole, 
so  as  to  shatter  the  rock  and  induce  greater  Avater  deliAmry  into  this 
opening.  The  Avater  is  then  pumped  from  this  drill  hole.  The  method 
was  practiced  with  sueccess  at  one  of  the  Jackson  Bangor  quarries  near 
Pen  Argyl  and  has  been  aatU  described  by  BoaaTcs.^ 

^ Bowles,  Oliver,  Recent  progress  in  slate  technology:  U.  S.  Bur.  Mines  Repts.  of  In- 
vestigations, Serial  Ko.  2766,  p.  6,  1926. 
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THE  VALUATION  OF  SLATE  THOrEKTIES. 

Very  little  has  been  done  either  in  Pennsylvania  or  elsewhere  in 
the  United  States,  toward  developing-  methotls  for  slate  quarry  valua- 
tion. The  problem  to  be  faeed  may  be  eithei-  (1)  what  is  the  value 
of  slate  land  to  a imrehasing  eompany  in  advance  of  any  operations 
on  the  property  in  question  or  (2)  what  is  the  probable  value  of  a 
developed  quarry  plus  any  eipiipment,  as  it  stands.  These  two  cases 
must  be  separately  considered. 

VALTLVTION  IN  AOVANCL  OF  (tUENINC.- 

Basis  of  vahiation.  As  a basis  for  determining  the  present  value 
of  slate  land  it  is  generally  necessary  to  find  the  market  value  of 
similar  land  adjoining  that  in  question.  Prom  this  base  value,  the 
reflected  value  of  the  land  to  be  appraised  may  be  fouml. 

There  are  various  methods  for  determining  the  market  value  of 
slate  lands,  dependent  upon  the  circumstances  in  individual  cases, 
Three  chief  sources  of  information  are  available  to  the  appraiser; 
namely,  sales,  opinions,  and  assessments. 

It  has  been  found  by  the  Bureau  of  Valuation  of  the  United  States 
Interstate  Commerce  Commission,  during  nearly  ten  years  of  the  prosc*- 
cution  of  its  work,  that  the  first  source,  saUs,  is  by  far  the  most  re- 
liable indication  of  true  market  value.  Sales  are  tangible ; all  the 
facts  pertaining  to  a sale  can  generally  be  ascertained  and  stated  with 
certainty.  Not  all  sales  are  usable  or  applicable,  but  the  weight  of 
the  authority  of  court  decisions  is  that  bona-fide  sales  of  property  are 
the  most  reliable  indication  of  market  value.  Opinions  of  slate 
operators,  in  the  absence  of  sales  or  other  information,  offer  a guide 
in  arriving  at  a conclusion  of  value.  But  there  are  many  pitfalls  in 
using  opinions,  and  the  men  selected  shonld  be  thoroughlj'  familiar 
with  values  in  a given  territory  and  capable  of  rendering  an  impartial 
expression  of  opinion.  Assessments  generally  cannot  be  relied  upon 
without  some  other  check.  Assessed  values  are  rarely,  if  ever,  true 
values,  although  the  law  in  many  instances  requires  that  property 
be  assessed  at  true  values. 

In  evaluating  mineral  land  it  is  generally  desirable  to  establish 
the  worth  of  land  upon  the  basis  of  naked  land  value  plus  minerals. 
To  do  this,  the  presence  of  workable  slate  must  be  determined.  The 
answer  to  the  question  as  to  the  mere  existence  or  non-existence  of  slate 
is  not  difficult  to  find;  available  geological  maps  should  show  graphic- 
all}’  the  location  of  slate  deposits  in  relation  to  the  land  appraised. 

On  the  other  hand,  the  actual  market  value  of  slate  deposits,  in  the 
ground,  is  not  so  easily  found.  At  the  beginning  of  the  industry  in 
most  slate  regions,  there  Avas  considerable  prospecting  and  “wild- 
catting.”  In  the  enthusia.sm  of  pioneer  development,  fabidous  prices 
Avere  paid  for  presumably  slate-bearing  lands.  AVben  the  fever  was 
on,  every  man’s  farm  situated  in  a slate  region  Avas  looked  upon  as 
a potential  fortune  because  of  the  slate  presumed  to  be  contained  in 
the  ground.  Many  of  these  early  ventures  turned  out  to  be  failures. 
Hence  original  estimates  and  prices  paid  in  the  IDth  century  are 


* This  summary  of  land  valuation  in  advance  of  opening  is  slightly  altered  from  a 
personal  communication  kindly  prepared  by  Air.  Homer  U.  Kirby,  of  the  Bureau  of 
Valuation,  Interstate  Commerce  Commission,  who  has  been  engaged  in  the  valuation  of 
slate  lands  in  Northampton  County,  Pennsylvania.  The  alterations  consist  of  sliglit 
abbreviations  which  do  not  change  the  sense  of  the  statement. 
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frequently  too  higli.  It  is  always  pretty  much  of  a gamble  as  to  what 
will  be  the  result  after  a costly  quarry  development  has  been  made. 
For  one  reason  or  another  discussed  elsewhere  in  this  report,  it  may 
transpire  that  the  slate  will  be  found  to  be  useless  for  profitable  com- 
mercial purposes,  and  this  cannot  be  definitely  known  until  after  con- 
siderable develoinnent  is  carried  out. 

Conclusions.  Because  of  the  uncertainty  surrounding  any  quarry 
development,  it  is  the  consensus  of  opinion  of  most  of  the  men  who 
are  connected  with  the  industry  that  slate  lands  are  not  worth  any- 
thing in  excess  of  bare  land  or  surface  value  until  proven.  At  the 
present  time  no  operator  or  company  will  buy  lands  for  quarry  pur- 
poses until  it  has  been  proven  that  slate  in  commercially  profitable 
quantities  can  be  gotten  out, — that  is,  until  some  preliminary  develop- 
ment has  been  done.  Until  then  the  only  value  is  that  inherent  in  the 
surface  of  the  land  for  farm  or  other  purposes.  Any  other  element  of 
value  is  too  intangible  to  determine. 

VALUATION  AFTER  OPENING.^ 

A far  more  dependable  opinion  as  to  the  economic  advantages  of 
operating  any  given  property  may  be  formed  after  some  quarrying 
on  the  property  in  question  has  l)een  carried  on.  In  rare  cases,  de- 
termined by  the  relative  simplieitj^  of  geologic  relations,  judgment 
may  actually  l)e  given  with  a large  degree  of  certainty,  if  slate  is 
merely  being  quarried  on  land  immediately  adjacent  to  the  proposed 
new  (piarry  site ; but  caution  should  be  the  rule  in  such  instances, 
in  view  of  the  abrupt  changes  often  observed  in  geologic  conditions 
on  two  contiguous  areas.  The  general  headings  under  which  questions 
may  be  considered  are: 

1.  Intrinsic  factors: 

a.  Value  of  land  without  regard  to  value  of  slate. 

b.  Value  of  standing  machinery  and  quarry  equipment. 

2.  Geologic  factors : 

a.  Value  of  the  slate  Tinder  consideration  as  such, — e.  g.,  origi- 
nal color,  constancy  of  color,  strength,  smoothness  of  cleav- 
age, etc. 

b.  Variety  of  uses  to  which  this  slate  may  be  put. 

c.  Local  geologic  conditions  affecting  the  value  of  the  slate, — 
e.  g.,  closeness  of  joints,  curvature  of  cleavage,  thinning  of 
usable  beds,  etc. 

3.  Operation  factors : 

a.  Overburden:  Is  cover  thick  or  thin?  Is  it  gravel  or  waste 
slate?  Is  it  loose  or  consolidated?  How  remove  the  over- 
burden ? 

b.  IMode  of  operation : In  general,  is  quarrying,  tunnelling, 
or  shaft  mining  to  be  employed?  In  detail,  are  structural 
conditions  favorable  to  use  of  ehanneller,  drilling  and  broach- 
ing, or  the  wire  saw,  etc. 

c.  Amount  of  usable  slate  available : In  view  of  geologic  con- 

1 See  also  an  exeellent  Keneral  discussion  in  Eckel,  E.  C.,  Building  stones  and  clays, 
chapt.  XI,  John  Wiley,  New  York,  1912.  A more  specific  but  brief  discussion  Is:  Behre, 
C.  n.,  Jr.,  Geologic  factors  in  the  development  of  the  eastern  Pennsylvania  slate  bait: 
Am.  Inst.  Min.  & Met.  Eng.,  Trans.,  vol.  76,  pp.  398-41(>,  1928. 
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ditions  and  property  controlled  in  depth  and  horizontally, 
and  making-  allowance  for  the  wastage  inherent  in  quarry 
methods. 

d.  Waste  disposal : Space  available  and  mode  of  handling  waste. 

e.  Quarrj"  drainage. 

f.  Climate,  as  atfecting  eontinnity  of  operations. 

g.  Labor  conditions. 

4.  Transportation  factors ; Access  to  trunk  railroads,  to  water 

liaulage,  and  to  triiek  haulage,  over  highways  and  roads ; dif- 
ferential transportation  costs  to  large  consuming  districts  due 

to  such  access. 

5.  Demand  factors : 

a.  Present  demand  in  general,  on  account  of  peculiar  color, 
adaptability  to  certain  uses,  etc. 

b.  Special  local  demand, — chiehy  on  account  of  ready  and  cheap 
access. 

c.  Future  demand  as  affected  by  new  uses  and  by  substitiites 
or  competing  structural  materials. 

The  above  table  represents  only  an  outline  of  the  factors  to  be 
thought  of  in  quarry  valuation.  The  figures  published  by  the  Census 
.Bureau,^  indicate  that  the  margin  of  profit  tor  slate  quarrying  is 
below  that  for  any  other  type  of  stone,  and  that  the  return  on  the 
invested  capital  is  lower  than  for  any  other  except  limestone.  Con- 
servatism is  thus  imperative,  and  certain  apparently  insignificant  fac- 
tors may  well  make  or  break  the  quarry. 

Certain  of  the  factors  listed  vary  so  greatly  fi-om  region  to  region 
that  they  fall  into  highly  specialized  studies  and  hence  are  omitted 
from  what  follows. 

Intrinsic  factors.  The  value  of  the  land  regardless  of  slate  content 
has  already  been  discussed  above  under  “Valuation  in  Advance  of 
Opening.”  The  market  value  of  standing  machinery  and  buildings 
may  generally  be  ascertained  through  consultation  with  engineers, 
machinery  manufacturers,  and  quarrymen.  These  items  are,  of  course, 
additive. 

Geologic  factors.  The  geologic  factors  are  in  general  considered 
throughout  this  report,  especially  in  the  ju-eceding  parts  of  the  sec- 
tion on  “Economic  Geology  of  the  Slate”;  for  the  effect  of  color, 
jorinting,  cleavage,  and  so  forth,  see  tihe  corresponding  headings. 
Special  care  should  be  exercised  that  due  allowance  is  made  for  local 
variations  in  color,  strength,  cleavage,  bedding  and  the  like.  Perhaps 
the  matter  of  pitch  of  fold  axes  is  one  of  the  most  serious  of  these 
locally  varying  factors,  because  the  least  Avell  understood  by  the 
quarrymen.  In  cases  where  uncertainty  exists  trenching  or  drilling  may 
be  resorted  to. 

Operating  factors.  The  operating  factors  are  at  once  the  most 
difficult  of  solution  and  the  most  important.  For  considerations  as 
to  overburden,  see  the  corresponding  heading  above  (page  13)  and  the 
section  on  “Technology  of  Slate”  (page  81)  ; estimates  of  yardage 
of  overburden  on  a section  of  the  pro]ierty  that  has  not  yet  been 
opened  may  be  made  by  trenching  or  post-holing. 


Fourteenth  Census  of  the  United  States,  1920,  vol.  XI,  Washington.  1919. 
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As  to  the  amount  of  slate  available,  the  sequence  of  beds  should  be 
carefully  studied  and  an  estimate  made  of  the  thickness  of  the  work- 
able beds  at  right  angles  to  bedding  planes.  This,  when  multiplied  by 
length  of  outcrop  across  the  property,  will  give  the  “stratigraphic 
exposure’’  of  each  bed;  the  stratigraphic  exposure  in  turn  should  be 
multii)lied  by  feasible  de]ith  of  (luarrying,  to  obtain  the  total  volume 
of  a workable  bed,  due  allowance  being  made  for  the  dip  of  the  layer. 
Although  the  quarrying  of  vertical  or  very  steeply  dip])iug  strata 
might  theoretically  be  continued  as  far  as  the  dip  persists,  actual 
experience  has  shown  that  ojien  jiit  operations  at  great  depths  are 
disproportionately  expensive,  and  about  600  feet  may  be  given  as  the 
maximum  feasiljle  vertical  quarry  depth. 

After  an  estimate  has  been  made  as  to  the  total  slate  availalde,  a 
proper  discount  should  be  introduced  to  take  care  of  loss  through 
wastage  in  o])erations.  Bowles  states  that  the  waste  generally  averages 
70-90  per  cent  of  the  gross  ])roduction  of  rock  from  the  quarry;’ 
rarely  it  may  be  cut  down  to  50  ])er  cent.  Good  average  factors  for 
])roductiou  of  usable  slate  are  15  per  cent  of  all  rock  quarried  in  the 
Peach  Bottom  district  and  about  22  per  cent  in  the  Lehigli-Northamp- 
ton  district. 

Climatic  conditions  are  similar  iii  all  of  the  Penu.sylvauia  districts. 
It  is  customary  to  stoji  operations  in  the  lower  parts  of  quarries  shortly 
after  the  fir.st  freezing  weather  in  winter,  which  usually  occurs  in  the 
middle  of  December  and  generally  lasts  until  the  middle  of  March. 
(Quarrying  is,  however,  continued  iu  the  upper  parts  of  most  openings, 
despite  freezing.  In  mines  operations  are  continuous.  Quarrying  is 
seldom  sto]q)ed  on  account  of  rain  and  slate  mining  virtually  never. 
Skilled  lal)or  is  needed  and  labor  costs  are  correspondingly  high. 

iMode  of  operation,  w-aste  disposal,  and  quarry  drainage  are  con- 
sidered under  corresponding  headings  elsewhere  in  this  report. 

Tra.nsportn.tinn  factors.  Iti  trans]mi'ting  slate,  water  haulage  in- 
volves the  least  bi'eakage  and  ex])ense,  and  ti’uck  haulage  the  most. 
To  avoid  the  latter,  s])iu'  tracks  connect  wuth  the  nearer  railroads,  and 
their  installation  and  maintenance  eo.st  must  be  faced.  In  trans- 
poi'tation  Pennsylvania  quarries  obviously  have  the  advantage  over 
those  of  Yermont  and  New  York — their  chief  competitors — if  shipping 
southward,  but  shi]mient  far  southward  brings  them  into  conflict 
with  the  ViTg’inia  producers.  The  special  ])rovince  of  Pennsylvania 
pi’oducers  should  be  the  Central  States. 

Demenid  factors.  Noteworthy  factor.s  affecting  demand  are  probably 
color  (iu  the  ease  of  roofing  slate)  and  the  increased  use  of  slate  for 
electrical  insulation.  The  most  im])ortaut,  however,  is  competition 
with  othei-  materials  in  structures.  Slate  conqietes  with  marble  in 
stair  treads  and  in  interior  ])anelling  for  decorative  and  utilitarian 
puri)oses,  notably  in  showTrs,  toilets,  and  the  like.  Slate  meets  com- 
petition from  gi'anule,  asbestos,  and  shingle  roofing.  The  relative 
demand  for  slate  in  these  fields  therefore  is  subject  to  constant  fluc- 
tuation. 

EXPLORATION 

SURFACE  EXPLORATION 

Dale  has  already  discussed  the  general  methods  to  be  used  in  ex- 
]iloring  for  slate  when  the  rock  is  exjmsed  at  the  surface.-  If  possible. 


1 Bowles,  Oliver,  The  teelinology  of  slate:  U.  S.  Bur.  Mines  Bull.  218,  p.  81,  1922. 

-Dale,  T.  N.,  Slate  in  the  Fnitod  Stales:  U.  S.  Geol.  Survey  Bull,  586,  pp.  169-171,  1914. 


EXPLORATION 


G!) 


a geoloo’ic  map  of  tlie  region  should  he  obtained.  Tins  genei'ally  in- 
dicates tlie  distrihntion  of  workable  beds  at  the  surface;  and  where 
other  beds  separate  tlie  desirable  beds  from  the  surface,  vei-tical  struc- 
ture sections  show  to  scale  bow  deep  a shaft  or  quarry  must  go  to 
strike  the  strata  sought. 

Tn  general,  as  Dale  states,  exjiloration  along  the  strike  is  pi-eferable. 
The  strike  may  be  indicated  on  the  geologic  map  by  means  of  strike 
and  dip  symbols;  if  not  actually  stated  in  some  sncb  manner,  it  may  be 
inferred  as  being  generally  jiarallel  to  the  contact  between  two  forma- 
tions in  any  region  where  the  surface  is  only  gently  rolling  or  is 
actually  boidzontal;  if  the  relief  of  the  land  is  very  gi-eat  the  strike 
cannot  be  inferred  directly  from  the  geologic  mai),  lint  may  be  com- 
]nited  by  geometric  or  trigonometric  methods,  given  three  points  on 
the  outcrop  of  any  bed  or  contact. 

It  is  not  wise  to  assume  inbnite  continnity  in  the  character  of  a bed 
along  its  strike.  To  illustrate,  if  a ipiarry  is  snccessfnlly  operated  on 
a certain  bed  of  slate,  a neighboring  (piarry  300  feet  away  may  well  find 
the  same  layer  ])rofitable,  lint  a mile  farther  off  along  the  strike  the 
slate  may  have  become  gritty  or  undesirable  in  other  ways. 

Qualities  related  essentially  to  bedding  are  likely  to  lie  somewhat 
variable  along  the  strike,  but  features  of  later  origin,  sncb  as  .joints,  dij) 
of  the  beds,  perfection  of  cleavage,  and  the  like  are  yet  more  pi'one  to 
lie  so.  Hence  extreme  caution  must  be  used  in  hypothesizing  similar 
structural  conditions  from  qnarry  site  to  quarry  site.  A good  working 
rule  is  to  make  no  assumptions  but  always  to  caia-y  out  exploi'atory 
drilling  or  trenchi))g  in  aclvance  of  actual  qnainw  oiH'rations.  Taically 
the  natural  trenching  by  streams  may  lay  bare  the  slate  of  the  sni’face. 
Tn  all  exploratory  woi-k  it  is  desirable  to  obtain  specimens  of  slate 
large  enongb  for  making  the  desii'ed  physical  tests.  It  is  essential 
also  to  secure  specimens  that  have  not  suffered  so  much  alteration  as 
will  make  them  not  truly  representative  of  tlie  fi'esb  slate. 

If  trenching  is  resorted  to,  it  is  generally  ]n'eferable  to  cut  the 
trench  at  right  angles  to  the  strike  so  as  to  exjmse  as  many  of  the 
slate  beds  as  possible  for  a given  length  of  ti-encb. 

SUBSURFACE  EXPLORATION 

The  ideal  method  of  carrying  on  subsurface  exjiloration  is  by  means 
of  the  core  drill.  Costs  are  less  than  actual  ipiarry  opening,  and  the 
drill  core  furnishes  a fairly  satisfactory  cine  to  the  qualities  and 
structure  of  the  rock  penetrated;  indeed,  it  is  remarkable  bow  clearly 
a well-ke]ff  drill  core  indicates  snbsnrface  conditions.  No  matter 
bow  ex])erieueed  the  slate  operator  may  be,  core  drilling  is  tlii'  only 
method  by  which  be  may  assure  himself  with  reasonable  certainty  of 
the  favorableuess  of  stratigrajibic  and  structural  conditions  in  <hqffh 
before  actually  o]ieuing  a quarry. 

Drilling  should  be  done  carefully,  the  cost  being  regarded  ;is  a 
legitimate  eximnditure  comparable  to  development  work  in  a mining 
operation.  In  Pennsylvania  it  has  been  practiced  especially  at  Slat- 
ington,  Avbere  close  folding  makes  the  structure  very  irregular  and 
where  it  is  desired  esnecially  to  0])en  only  certain  exceptionally  thick 
beds.  Here  shot  drilling  has  been  the  most  common  practice.  A few 
of  the  more  experienced  operators  have  fi‘om  time  to  time  contracted 
to  drill  exploi-atory  boles  on  land  of  which  the  develoi)ment  was  con- 
templated, thus  cai’rying  on  a very  useful  type  of  consulting  work. 
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Vertical  angle  driUing.  Dale  advocates  drilling  at  a vertical  angle 
of  45°  to  the  cleavage  dip,  so  that  the  core  will  split  into  elliptical 
pieces  snfficientlv  larger  than  diameter  of  the  core  to  be  conveniently 
testedd  This  method  wonld  doubtless  be  wholly  satisfactoiy  in  the 
Peach  Bottom  district  and  perhaps  also  in  the  neighborhood  of  Pen 
Argyl  and  Bangor,  but  at  Slatington  the  most  essential  knowledge 
is  the  thickness  of  the  beds  which  wonld  be  penetrated  in  the  opening 
and  for  this  purpose  it  is  preferable  to  drill  at  right  angles  to  the 
dip  of  the  bedding,  regardles,s  of  cleavage.  In  most  regions  one 
drill  hole  judiciously  ])laced  will  furnish  sufficient  information  as 
to  thickness  of  beds ; these  data  may  then  be  supplemented  with  ad- 
ditional drillings  aimed  at  testing  the  ])hysical  properties,  especially 
the  excellence  of  cleavage,  of  the  slate,  thus  accomplishing  the  object 
mentioned  by  Dale. 

Horizontal  hearing  of  drill-hole.  AVhen  the  maximum  information 
as  to  the  character  of  the  beds  is  desired,  it  is  best,  if  the  holes  are 
not  actually  vertical,  to  so  set  the  drill  that  it  penetrates  the  beds 
in  a direction  normal  to  their  strike.  If  the  bedding  is  indistinct 
(e.  g.,  in  the  Peach  Bottom  district)  or  does  not  seriously  affect  the 
success  of  fiuarry  opei'ations  (e.  g.,  in  the  Lehigh-Northampton  “hard” 
slate),  the  drill  holes  are  best  directed  vertically  and  in  that  case 
the  horizontal  angle  between  strike  of  bedding  and  direction  of  drill 
obviously  becomes  nil. 

Spacing  of  drill  holes.  The  spacing  will  be  governed  in  large  part 
by  the  shape  of  the  ju'operty  to  be  tested  and  the  expenditure  set 
aside  for  testing.  No  general  statement  can  therefore  be  made  as  to 
the  distance  between  holes.  The  simplest  pattern  in  ground  plan  is  to 
lay  out  the  holes  either: 

1.  In  a line  oi-  lines  at  right  angles  to  bedding  strike, — in  Carbon 
County  and  in  the  Lehigh-Northamiiton  “soft”  slate  belt  and 
its  westward  extension  into  Berks  County 

2.  In  a line  or  lines  at  right  angles  to  cleavage  strike, — in  the  Peach 
Bottom  district  and  in  the  “hard”  slate  belt  of  the  Lehigh- 
Northampton  district. 

Orientation  of  drill  cores.  The  writer  has  found  that  the  com- 
bination of  grain  and  cleavage  directions  may  be  used  to  orient  roughly 
and  check  the  orientation  of  drill  cores,  should  these  become  turned  in 
the  drilling.  In  any  di.strict  cleavage  and  grain  generally  have  a 
constant  trend.  Thus  at  Slatington  and  Pen  Argyl  the  cleavage  strike 
is  almost  always  northeast  and  the  grain  trends  northwest.  The 
cylindrical  core  may  be  placed  in  such  a position  that  its  cleavage 
strike  is  northeast;  it  may  also  be  chipped  a little,  until  a grain 
fracture  plane  aj)pears  on  the  surface;  Avhen  the  cleavage  is  north- 
east, the  grain  is  northwest.  Hhonld  the  trends  of  these  structures 
differ  from  the  directions  given  above,  the  grain  direction  is  the  more 
dependable,  as  the  cleavage  strike  is.  at  least  in  exceptional  cases, 
variable.  The  method  Avill  serve  in  all  instances  where  the  core  has 
not  had  top  and  bottom  reversed. 

Determination  of  actual  thiclmess  of  hcds.  The  apparent  thickness 
of  slate  beds,  as  shown  in  the  drill  core,  is  seldom  the  true  thickness. 


1 Dale,  T.  N..  op.  oit.,  p.  171. 
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^\"here  there  is  interest  in  tlie  actual  thiekness  of  beds  (e.  g.,  in  the 
“soft”  slate  of  the  Lehiyh-Xoi'thainpton  district)  a method  of  con- 
verting the  apparent  thickness  must  often  he  ap]died. 


B.  A. 

Pig.  23.  I se  of  grain  in  orienting  drill  cores:  A,  ineoi'reet  orienta- 
tion; B,  correct  orientation;  cleavage  dii)s  south  in  A,  hut  grain 
trends  northeast;  cleavage  dips  south  and  grain  trends  northuest  in  B. 


Obviously,  if  the  drill  is  driven  at  an  angle  of  90°  to  the  beds,  the 
actual  thickness  of  any  hed  is  equal  to  its  ap])areut  thickness  as  meas- 
ured along  the  drill  core.  If,  however,  the  drill  core  was  taken  at  an 
angle  of,  say,  70°  to  the  beds,  a factor  mnst  he  allowed  for  because 
the  apparent  thickness  is  clearly  greater  than  the  true  thickness,  as 
is  shown  in  Figure  24.  The  actual  thickness  may  he  obtained  by 
(!omputation  through  the  formula 

t 

sin  a = — , 

1 


Pig.  24.  Use  of  core  obtained  by  drilling  at  an  angle  other  than  90“ 
to  the  beds,  for  computing  actual  thickness  between  beds. 
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ill  Avliich  a is  the  vertical  angle  between  the  bedding  and  the  drill 
bole,  I is  the  distance  from  top  to  bottom  of  the  bed  as  measured  along 
the  core,  and  f is  the  true  tbickiiess  of  the  bed.  Or  the  true  thiekness 
may  be  obtained  by  actual  measurement  if  a ruler  or  scale  is  laid 
along  the  drill  core  (or  its  plotted  equivalent)  so  as  to  make  an 
angle  of  1)0°  Avitb  the  dip  of  the  bedding  as  shown  in  the  drill  core. 


Fig.  2.').  Aletliod  of  esliiiiating  ileplli  of  any  (losiml  bed  c,  when  bed 
b Is  recognized  at  the  surface  and  actual  thickness  t separating  the 

two  beds  is  known. 


Conversely,  the  apparent  thickness  I to  be  expected  in  a projected 
drilling  may  be  estimated  if  the  actual  thiekness  is  kiiowui  by  substi- 


Fig.  2(>.  ^letliod  of  using  thickness  ebarts  in  estimating  apparent 

tliickness  of  beds. 
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tilting  the  actual  thickness  for  / in  the  foniiiila  given  above,  or  by 
placing-  the  ruler  across  a thickness  diagram  in  such  a way  as  to  make 
with  the  bedding  planes  the  angle  which  the  drill  in  the  projected 
hole  will  actually  make  with  the  bedding. 

These  methods  may  be  applied  to  the  tables  of  thicknesses  given  in 
the  section  entitled  “Detailed  Stratigraphy  of  the  Soft  Slate'’,  on 
pages  187-191.  The  figures  arrived  at  may  call  for  (pialification,  as 
indicated  on  pages  185-186. 

IJetermination  of  required  depth  of  drilling.  AVhen  a recognizable 
bed  is  exposed  and  a knowledge  of  the  depth  for  drilling  to  sti'ike 
a deeper  bed  is  desired,  the  formula 

t 

sin  a = — 

1 

may  again  be  used.  In  this  ease  I is  solved  for,  t being  given  and  the 
angle  a being  obtained  by  observation  at  or  near  the  locality  to  be 
drilled. 

Examination  of  the  drill  core.  From  what  has  been  said  elsewhere 
in  this  report  regarding  the  desirable  qualities  in  slate,  the  reader  will 
readily  infer  the  things  to  be  looked  for  in  the  sample  core.  Alentiou 
may  be  made,  however,  of  the  impurities  to  be  warned  against.  Quartz 
“knots”  or  carbon  “ flakes'’  should  be  watched  for.  Of  special  im- 
portance is  curved  or  curly  cleavage,  as  is  also  false  cleavage,  appear- 
ing as  tiny  rulings  or  incipient  fracture  planes  on  the  true  cleavage. 
Quartz  and  calcite  veinlets,  because  they  are  usually  found  near  faults 
or  fractures,  where  cleavage  is  bent  or  shattered,  are  criteria  that 
suggest  conditions  unfavorable  to  development.  Near  faults,  the 
white  quartz  or  calcite  veins  and  crystal-filled  openings  are  especially 
common : an  excellent  illustration  of  a core  showing  such  a fault  zone 
is  to  be  seen  in  Plate  13,  A. 

Dale  suggests  applying  to  sections  of  the  drill  core  various  physical 
tests  as  well ; the  core  samples  may  also  be  used  for  chemical  analysis 
or  for  studj’  with  the  microscope.  For  such  methods  of  examiuatiou, 
the  reader  is  referred  to  the  apiiropriate  sections  of  this  report. 

THE  TESTING  OF  SLATE. 

In  America  AYilliams,^  Baker  and  Davidson,-  and  Alerriman  ^ were 
the  fir,st  to  give  careful  technical  attention  to  the  testing  of  slate. 
The  work  of  Merriman  deserves  particular  mention.  AlerrilP  also 
presented  various  methods  for  testing  slate  under  the  general  heading 
of  building  stone  testing.  In  1914  Dale"  republished  his  earlier  sum- 
mary of  the  physical  tests  commonly  applied  to  slate.  Subsequently 
Committee  D-16  on  Slate  of  the  American  Society  for  Testing  Alaterials 
has  attacked  the  matter  of  tests  with  special  care,  and  has  presented 
its  findings  periodically  before  the  Society.® 

1 Williams,  J.  F.,  Tests  of  Rutland  and  Washington  County  slates:  Van  Xostrand 
Eng.  Mag.,  vol.  XXXI,  pp.  101-103,  1S81. 

-Baker,  E.  R.,  and  Davidson,  A.  R.,  The  strength  and  weathering  qualities  of 
Vermont  roofing  slates:  Rcpt.  of  Vermont  State  Geologist  for  1911-1912,  pp.  230-2:31,  1912. 

^ Merriman,  Mansfield,  Tlie  strength  and  weathering  qualities  of  roofing  slates,  with 
discussion:  Am.  Soe.  Civil  Eng.,  Trans.,  vol.  XXVII,  pp.  331-349,  1S92;  vol.  XXXII,  pp. 
529-5:39,  1894. 

■“Merrill,  G.  P.,  Stones  for  building  and  decoration,  John  Wilev  and  Sons,  Xew 
York,  1910. 

'Dale,  T.  X.,  Slate  in  the  United  Sates:  U.  S.  Geol.  Survey  Bull.  5S(>.  pp.  171-lSl,  1911. 

'Am.  Soe.  for  Test.  Mat.,  Proc.  and  other  publications  of  the  Society,  Philadelphia. 
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PLATE  13. 


A.  Drill  core  sh()\viiif>'  fault  Lreccia;  from  drilling  near  Slating'ton. 


D.  f’aleite  inerustatioiis  on  .joint  ])la.iie  of  a quarried  block, 

Slat  ing'ton. 

In  EurO])e,  Ilirsciiwald'  wi-ote  the  most  conipreliensive  treatise  on 
testing'  nictliods ; 8tiiiy-  has  also  i)repared  a l)riefer  statement  on  the 
snh.ieet,  which,  however,  is  considerably  less  detailed  than  that  of 
Ilirsehwald  ajid  is  not  ai)i)lied  S])ecifically  to  slate. 

i\luch  the  most  careful  program  of  testing-  today  is  being-  carried 
on  under  the  aus])ices  of  tlie  American  Hociety  for  Testing'  Materials 
tlirongh  its  associated  agencies,  especially  the  TI.  S.  Bureau  of  Stand- 

1 Hirsoliwald,  .1.,  namihui'li  dcr  Iiauti'chnischi'n  Gesteinsrniefiing,  Gpbr.  Borntracger, 
Berlin.  1912;  esiiecially  pp.  592-645. 

- Stiny,  .Josef,  Technische  Gesteiiiskundo,  Julius  Springer,  Wien,  19‘29. 
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ards,  several  of  the  large  manufacturers  and  users  of  electrical  and 
structural  slate,  and  the  universities  represented  on  the  committee 
mentioned. 

The  most  important  properties  of  slate  for  wliieh  tests  are  commonly 
applied  are  sonorousness,  cleavahility,  grain,  initial  color,  constancy 
of  color,  density,  porosity  and  absorption,  hardness  or  resistance  to 
abrasion,  toughness,  compressive  strength,  transverse  strength,  elastic- 
ity, electrical  resistance,  and  resistance  to  corrosion.  So  far  as  is 
known,  tensile  strength  of  slate  is  not  tested,  probably  because  in  the 
usual  uses  slate  is  not  subjected  to  tension  cai)able  of  deforming  the 
rock.  Heat  resistance  is  frequently  important  in  warm  climates, 
but  no  adequate  test  for  this  has  yet  been  devised.  Several  types  of 
special  chemical  tests  have  also  been  suggested  but  none  have  been 
generally  accepted.  Finally,  mention  should  be  made  of  miueralogical 
examination  with  the  naked  eye,  the  hand  lens,  and  the  petrographic 
microscope,  which  frequently  sheds  light  on  the  various  commercial 
properties  of  slate. 

Sonorousness.  Sonorousness  may  be  determined  while  suspending 
the  slate  by  a string  drawn  through  a hole  in  one  end  of  the  slate  or 
more  commonly  merely  by  holding  the  slate  between  the  fingers  or 
by  balancing  it  on  three  fingers;  tlie  slate  is  struck  a sharp  blow  Avith 
a hammer  or  mallet  or  Avith  the  knuckles  of  the  hand ; if  it  rings  Avell, 
and  lacks  the  metallic  rattle  that  indicates  a crack,  it  is  thought  to 
be  good  slate.  The  higher  the  degree  of  metamorphism,  as  a rule, 
the  better  the  “ring”  of  the  slate. 

Cleavahility.  The  test  for  cleavahility  is  ap]died  by  the  skilled 
slate  splitter  to  the  moist  block  of  freshly  quarried  slate.  The  test 
consists  merely  in  assuring  the  observer  that  the  slate  can  be  S]dit 
with  slate-splitter’s  tools  to  the  normal  thicknesses  required  by  the 
trade  Avithout  applying  undue  care. 

Grain  direction.  Grain  may  be  determined  microscopically  (see 
Plate  7,  A).  It  may  be  determined  physically  by  fracturing  the 
slate.  An  accurate  method  is  to  drill  a small  circular  hole  on  the 
cleavage  surface,  to  place  into  this  a conical-ended  spike  of  circular 
cross-section,  and  then  to  tap  the  spike  sharply;  the  slate  Avill  split 
most  easily  in  the  direction  of  the  grain.  The  grain  direction  may 
also  be  tested  for  by  the  heat  conducthuty  method  of  Jannetazd  or  by 
electrical  conductivity.  Electrical  conductivity  or  leakage  is  greatest 
in  the  direction  of  the  grain  and  may  be  tested  for  as  folloAvs:  one 
terminal  of  a resistivity  meter  of  the  ty]Ae  commonly  used  iii  testing 
leakage  in  slate  is  kept  in  a fixed  position  and  the  other  is  moved  in 
a circle  having  a diameter  of  -1  to  6 inches;  Avhen  the  maximum  leakage 
is  recorded,  a line  is  draAvn  betAveen  the  two  brushes  and  this  marks 
the  grain  direction. 

Initial  color.  No  standard  test  has  yet  been  devised.  IlirscliAvald 
does  not  deal  Avith  color,  nor  have  American  research  agencies  de- 
veloped any  tests  or  scientific  standards.  In  this  country  the  nearest 
approach  to  a standardized  color  nomenclature  is  furni.shed  by  the 
Bureau  of  Standards  classification  of  slate  color.-  Nine  terms  are 
utilized : 

' Soc.  Geol.  France,  Bull,  .3d  ser.,  vol.  12,  1884. 

^ Simplified  practice  recommendation  R 14-28,  Roofioft  slate:  U.  S.  Bur.  Standards,  p.  2, 
1828. 
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lilaek  Blue  Gray  Mottled  purple  and  green 

Bine  hlaek  Bnrjile  Purple  variegated 

Gray  Green  Red 

Xo  attempt  iis  made  to  define  these  terms  accurately.  Colored  plates 
illustrating  slate  to  which  these  terms  are  applied  have  been  pi^b- 
lished  from  time  to  time  but  there  is  considerable  leeway  in  the  shades 
foi'  Avhieh  any  of  the  above  names  are  used. 

A ])ossihle  solution  is  the  application  of  the  color  nomenclature  of 
Ividgway’s  Color  Chart  or  the  modified  form  prepared  by  tlie  National 
Research  Council.^ 

('onsfd Dcj/  of  color.  For  this,  too,  no  tests  have  yet  been  devised. 
Presnm]itive  evidence  may  he  obtained  from  mineral  or  chemical 
analysis,  especially  the  former,  because  certain  minerals  are  known 
to  alter  rapidly.  Emjnrical  tests  might  well  be  performed,  the  time 
factor  being  balanced  by  accelerating  the  weathering  process  Avith 
exeeiAionally  strong  reagents.”  Reference  may  also  he  made  to  pages 
B)-22  of  this  report. 

neiisifn.  The  essence  of  this  process  is  weighing  the  slate  in  air 
and  in  water;  the  Aveight  in  air  (i.  e.,  its  actual  mass)  is  then  divided 
by  the  difference  betAveen  its  Aveiglit  in  air  and  its  weight  in  Avater 
(i.  e.,  its  volume).  The  chief  difficulty  of  Aveighing  in  Avater  is  the 
removal  of  attached  air;  this  is  generally  accomplished  by  boiling  the 
I'ock  s]Tecimen  in  Avater.  Far  more  refined  methods  are  those  of  Tet- 
ma.iei’,^  and  of  the  Bureau  of  Standards.^ 

Foi-  slate,  the  average  sjmcitic  gravity  generally  varies  betAveen  2.6 
and  2.8. 

Porosif]/  and  ahsorpiion.  The  porosity  of  a stone  represents  the 
maximum  limit  of  absorption.  The  total  amount  of  pore  space  may 
he  cakmlated  fi'om  the  formula: 

100 

P = (t  — a) 

t 

in  Avhich  t is  the  true  specific  gravity,  a,  the  apparent  specific  gravity, 
and  P the  porosity  expressed  as  ]iercentage  by  volume.  In  This  formula 
a represents  the  specific  gravity  as  obtained  by  methods  referred  to 
above',  Avhereas  t repi-esents  the  theoretical  true  specific  gravity  Avhen 
there  is  no  pore  space  in  the  rock.  The  value  t may  be  obtained  by 
immersing  a known  Aveight  of  the  finely-crnshed  rock  in  a known 
volume  of  li(iuid  and  noting  the  increase  in  the  total  volume  of  liquid 
and  solid.® 

The  factor  of  ahsorjdion  is  especially  important  in  a structural 
mato'ial  because,  Avhen  exposed  to  conditions  of  moderate  humidity, 
a porous  rock  may  take  on  much  moisture  from  the  air  or  gTonnd ; 
this  has  the  effect  of  seriously  reducing  its  compressive  strength,  as 
well  as  of  faA'oring  spalling  if  ih'ost  ensues. 

I (Joldiiian,  JI.  T.,  and  Mervvin.  H.  E.,  Color  chart  for  tlie  description  of  sedimentary 
rocks:  National  Research  Council,  Division  of  Gcolofcy  and  Geography,  1928. 

-See  however,  Rejiort  of  Com.  D-IG  on  Slate,  Am.  Soc.  Test.  Mat.,  Proc.,  33d  Ann. 
Meeting,  1930. 

^ Uirschwahl,  .1.,  op.  cit..  ]ii'.  107-109. 

* Kessler,  D.  AV.,  and  Sligh,  AV.  H.,  Physical  properties  of  the  virincipal  commercial 
hhnestones  used  for  building  construction  in  the  Unite<l  States:  U.  S.  Bur.  Standards  Techn. 
Paper  349,  pp.  r)l.')-.517,  1927. 

^ See  especially  Kessler,  D.  AA'..  and  Sligh,  AA*.  11.,  op.  cit.,  pp.  616-517;  Hirschwald, 
.1.,  op.  cit.,  pp.  109-110. 
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Tlie  amount  of  ahsorjjtion  depeiuLs  in  part  upon  the  total  porosity, 
in  part  on  tlie  size  of  tlie  ])ores.  If  tin*  ])ores  are  very  tine  they 
])os.sess  strony  copiillary  ])Ower,  wliei'eas  if  they  are  eoai-se  the  stone 
Avill  only  take  on  a great  deal  of  li(inid  if  veil  sidnnei'ged  in  it,  and 
vill  also  lose  the  li(jnid  as  rapidly  as  it  disapi)ears  from  the  surround- 
ing medium.  Probably  an  equally  important  faetor  is  time:  a coarsely 
])orons  rock  alrsorbs  the  .surrounding'  liquid  rapidly  and  also  loses 
the  li(piid  thus  absorbed  more  (jnickly  than  a rock  with  tine  ])ores. 
Hence  the  time  during  vhicli  a rock  is  exposed  to  the  li(pud  slnndd 
he  carefidly  stated  in  all  al)Sor])tion  tests. 

Detailed  methods  for  measuring  alrsorjition  of  water  by  rocks  are 
given  by  Ilirschwald,  Dale,  and  others.^  IMost  recently  Ihe  Ameidcan 
Society  for  Testing  ^Materials  has  issued  a tentative  test  for  water 
absorption 

Specimens  should  mea.snre  6x6  inches  on  the  cleavage  surface 
and  ^/4  inch  thick.  They  may  be  hone-finisb(‘d  or  merely  roughly 
.sawed  and  split.  If  the  former,  6 s]»ecimens  are  used  ; if  the  latter. 
9.  The  si)eeimens  are  Avashed  and  dried  at  110°  to  1‘2()°  (h  foi'  24 
hours,  cooled  15  minutes  to  room  temperature  and  weighed  to  the 
nearest  0.0.3  g. 

After  Aveighing,  the  specimens  are  immei'sed  in  water  at  20°  C. 
for  48  hours,  then  thoroughly  AviiH'd  on  all  edges  Avith  a dry 
cloth  and  Aveighed  at  once. 

The  value  of  absorption  is  given  by  the  foi'mnla: 

(D-A)  100 

Per  cent  absorption  = , 

A 

in  Avhich  A is  the  Aveight  before  and  15  that  aftei-  immersion. 
The  result  reported  should  be  the  average  of  all  s|)ecimens  tested; 
individual  values  Avhich  differ  by  25  per  cent  from  the  avei'age 
of  all  results  may  be  throAvn  out. 

It  Avill  be  observed  that  the  method  described,  like  iiiost  others, 
takes  no  account  of  the  A'arying  specittc  gravity  of  the  rock  tested. 
Thus  a lieaA'y  rock,  such  as  basalt,  Avonld  api)ear  to  have  relatively 
les.s  pore  simce  than  a lighter  rock,  such  as  a sandstone,  merely  be- 
cause of  the  differing  weights  of  A in  the  formula  given.  To  obviate 
this  difficulty,  it  has  been  suggested  that  the  volmiie  of  absorbed  Avatei' 
may  be  divided  l)y  the  volitme  of  the  s|)ecimen,  the  residt  thus  ex- 
pressing absorption  in  A'ohnne  ratio;®  this  is  not  generally  done  hoAv- 
ever,  and  since  the  specific  gravity  of  most  slates  Agarics  within  rela- 
tivel}^  narroAv  limits,  the  differences  introduced  hy  this  element,  in 
comparing  absorption  values  of  various  slates,  are  negligible. 

llirschAvald  cites  results  of  tests  on  six  different  types  of  slates; 
Avhen  sloAvly  immersed  at  atmospheric  pre.ssnres  these  alisorbed  from 
0.58  to  1.01%  of  their  total  Aveight  of  Avater.^  Ke.sslei-  and  Slight  giA'e 
average  values  of  0.-3  to  2.0,  using  tAvo  Aveeks  as  the  al),sorption  ])eriod.® 
All  of  these  values  are  higher  than  those  of  IMen'imaii,  but  the  period 
of  exposAire  for  Merriman’s  tests  AA’as  only  24  honi's.'' 

Hirscliwald,  .T.,  op.  fit.,  pp.  110-11.5;  Diilf,  T.  X..  op.  fit.,  pp.  177-17.1. 

= Abridged  fropi  Am.  Soc.  Test.  JIat.,  Tentative  Standards  for  1929,  pp.  .545-540,  1930. 

3 Kessler.  I).  AV.,  and  Sligh,  W.  H.,  op.  fit.,  pp.  514-515. 

* (-)p.  eit. , p.  117. 

^ Op.  fit.,  p.  515. 

“ Merriman,  Mansfield,  The  strength  and  weatliering  <pialities  of  roofing  slates;  Ain. 
Soe.  Civ.  Eng.,  TTans.,  vol.  XXA'II,  pp.  340-341,  1S92. 
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Hard  ness.  Hardness  of  materials  is  usually  expressed  in  terms  of 
resistance  to  an  intruded  ]ioint.  The  ordinary  method  of  measuring 
is  by  means  of  one  of  the  several  different  types  of  sclerometersd  This 
method  is  now  in  general  use  in  the  United  States.  Merriman  sug- 
gested abrading  a ])iece  of  slate  by  means  of  a grindstone,  but  the 
suggestion  has  not  found  general  acceptance.  The  use  of  a Deval 
abrasion  machine  is  recommended  by  Notvest.- 

Tonghness.  As  ap])lied  to  rock,  toughness  may  be  defined  as  the 
resistance  ottered  to  fracture  under  impact. ■’  The  test  is  made  by  al- 
lowing- a hammer  which  weighs  2 kg.  to  drop  from  increasing  beightw 
upon  a S])hei'ical-headed  plunger;  the  sphere  impinges  on  the  block  of 
stone  to  be  tested.  The  hammer  falls  1 cm.  the  first  time,  2 cm.  the 
second  time,  and  so  forth.  The  height  of  fall  at  time  of  rupture  meas- 
ures the  toughness  of  the  rock. 

Obviously  the  toughness  of  a given  piece  of  slate  wmdd  be  greatly 
affected  by  the  rock  structure  of  the  surface  exposed  to  the  blow ; the 
cleavage  surface  is  the  most  resistant. 

Crushing  strength.  Although  a very  important  quality  in  most 
stone,  the  crushing  strength  of  slate  does  not  seriously  affect  its  use. 
The  usual  method  of  making  the  test  is  to  cut  cubes  of  a specified  size 
and  crush  them  in  some  type  of  compression  machine.  Both  the  trans- 
verse cross-section  and  the  height  of  the  block  seriously  afi'ect  the  re- 
sults; hence  for  comparative  ]nirposes  it  is  necessary  to  use  blocks  of 
a constant  size.  Gilmore^  found  this  difficulty  in  his  earlier  work. 
Subse(|uently  Banschinger,  on  the  basis  of  empirical  experiments,  con- 
cluded that  the  j-esistance  to  comprestsion  is  best  expressed  by  the 
formula  : 

Vf  Vf 

K = (a  b ) 

h u 

4 

in  which  K is  the  load  in  kg.  per  sq.  cm.,  a and  b are  constants  for 
the  matei-ial  tested,  /'  is  the  cross-section  of  the  cidie  tested  in  sq.  cm., 
h is  the  height  of  the  cube,  and  u is  the  circumference  of  the  cross- 
section  in  cm."’  If  the  cube  measures  1 cm.  in  each  dimension  the 
formula  is  simplified  to 

K = (a  + b), 

which  gives  the  simple  formula  foi-  crushing  strength.  Values  may, 
of  course,  l)e  expressed  either  in  kilograms  per  square  centimeter  or  in 
pounds  ]ier  square  inch. 

Great  extremes  of  temperature  to  which  the  rock  has  been  sub.ieeted 
or  a high  moisture  content  both  reduce  the  crushing  strength  of  the 
rock.  Also,  slate  ])ossesses  much  greater  crushing  strength  when  pres- 
sure is  applied  in  directions  at  i-ight  angles  to  the  cleavage  i)lanes  than 
when  parallel  to  cleavage.'’'  In  either  case,  however,  since  slate  is  not 
generally  used  to  supi)ort  great  weight,  the  crushing  strength  is  almost 

1 See  Hir.sohwal(l,  .T..  op.  eit.,  pp.  83-88. 

- Xotve.st,  Robt.,  Sliite  for  eleetrieal  uses.  Structural  Slate  Co.,  Pen  Argyl,  Pa.,  1924,  p.  22, 

“■■liii.  Soc.  Test.  Jlat.,  Tentative  stan<lards  for  1924,  pp.  924-923,  1925. 

•*  Quoted  in  Merril,  G.  P.,  Stones  for  tiuil<ling  and  (iecoration,  .Tohn  Wiley,  New  York, 
1910,  p.  47.3. 

^Quoted  in  Hirschwald,  .1.,  op.  fit.,  pp.  60-61. 

“Merrill,  G.  P.,  op.  cit.,  p.  506. 
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always  far  in  excess  of  tliat  required  by  any  of  the  uses  to  whicli  tlie 
slate  is  commonly  put. 

Transverse  strength.  The  transverse  strength  is  measured  hy  the 
modulus  of  ru|dure.  Earlier  methods  for  obtaining  this  valut*  are 
given  hy  Dale.'  The  most  recently  standardized  test  is  as  follows: 

Strips  are  cut  to  niea.sure  12  inclie.s  Ioiir  l)y  IV2  inches  wide  parallel  to  the 
cleavage:  they  are  ruhbed  down  to  a thickness  of  1 inch,  dried  at  11(1°  to  120°  (’. 
for  24  hour.s.  and  then  their  length,  width,  and  thickness  an*  nie.asnred  in  t(‘rni.s 
of  inches  to  within  0.01  iindies.  Each  specimen  is  sni)i)ortcd  on  two  knife-(>dg(‘s, 
10  inches  apart  at  centers,  and  is  loaded  hy  another  knife-edge  midway  in  the 
span.  The  load  is  increased  at  the  rate  of  100  pounds  tier  niiniOe  and  c:ich  .10  pound 
increment  noted.  Kniitnre  is  recorded  at  the  ni'.-irest  5 pounds. 

Calculations  for  Mf  (the  modulus  of  ru|iture)  are  based  on  the  formula: 

.S  wl 

Mf= 

2 hd= 

in  which  w is  the  breaking  weight  in  pounds;  1.  the  length  of  the  siuui  in  imdies  : 
b,  the  width  in  imdies:  and  d the  thickness  in  inches.  The  tests  should  re|iresent 
at  least  three  e.xperiments  with  the  stritis  cut  witli  their  lengths  iiarallel  to  the 
grain,  and  three  with  their  lengths  transverse  to  the  grain.  U(*sults  should  tie  re- 
ported as  averages  for  etich  direction.  Should  any  single  test  vary  by  more  than 
25  per  cent  from  the  average  of  all  like  tests  it  may  he  omitted. - 

Ekisticitg.  This  is  one  of  the  most  impoctaiit  jthysical  iiropcrties  of 
slate.  The  use  of  blackboards  and  to  a large  extent  of  switchlioards  is 
seriously  influenced  hy  it,  and  the  milling  of  slate  is  affected  hy  its 
elasticity  to  a much  greater  degree  than  is  commonly  realized.  But  it  is 
of  chief  importance  in  the  splitting  capacity  of  the  rock,  niton  which 
most  of  its  uses  directly  de])end,  and  exce]it  for  the  remarkable  elas- 
ticity of  slate  this  qualitj^  of  ready  cleavage  would  he  utilized  with 
difficulty. 

Merrimau'h  Shearer’',  and  others  regard  ela.sticity  and  toughness  as 
identical.  The  more  recent  work  of  the  American  Society  for  Testing 
Materials,  on  the  other  hand,  carefully  distinguishes  between  the  two 
and  suggests  two  wholly  different  tests.  The  test  for  toughness  has 
already  been  described  (see  jiage  118).  That  for  the  modulus  of  elas- 
ticity is  as  follows:® 

The  specimems  are  cut  into  strip.s  mea.snring  12x4  x%  imdies,  3 having  their 
long  dimensions  parallel  to  the  grain  and  3 at  right  angles  to  (he  grain,  the  two 
greater  dimensions  in  both  cases  being  in  the  iilane  of  tin*  cleavage.  The  siiecimens 
are  then  ruhbed  or  honed  down  to  thicknesses  of  about  % imdi  each. 

These  slate  strips  are  dried  as  in  the  test  for  transverse  strengih  and  I hen  snji- 
ported  on  two  knife-edges,  specifications  for  which  are  given  ; the  knife-edges  are 
10"  apart  on  centers.  The  load  is  apjdied  hv  a third  knife-edge  at  the  center:  if 
is  increa.sed  at  a rate  of  100  pounds  per  minute,  and  every  .50-iiound  increase  is 
recorded.  The  deflection  of  the  slate  beam  is  read  with  a detlectometer  capable 
of  registering  accurately  deflections  of  (1.0(11  inches. 

For  computing,  a straight  line  curve  of  any  suitable  scale  is  made.  If  it  does 
not  pass  through  the  origin,  a new  line  is  drawn  through  (he  origin  and  parallel 
to  the  first  line  to  give  the  “corrected"  curve.  The  value  of  E.  the  modulus  of 
elasticit.v,  is  now  obtained  by  using  any  convenient  point  on  the  corrected  curve 
and  applying  the  formula  : 

WP 

E.^  

dAluF 

in  which  W = the  load  at  the  si'lected  jioint.  A is  the  corresponding  deformation 


1 Dale,  T.  N.,  op.  eit..  p.  175170. 

'“Condensed  from  .tin.  Soe.  Test.  Mat.,  'rentative  Standards  tor  Iir2;i.  pp.  ."i47-.'>tlt,  lOMO. 
® Merriraan,  Mansfield,  The  strength  and  weathiring  (piahties  of  roofing  slates;  Am. 
Soc.  Civ.  Eng.,  Trans.,  vol.  XXVTT,  p.  339,  1892. 

‘Shearer,  H.  K.,  The  slate  deposits  ol  Georgia:  (la.  Geol.  Survey  Hull.  34,  11.  31,  1918. 
® Quoted  in  abridged  form  from  .tm.  Soe.  d'est . Mat.,  Tentative  standards  for  1929. 
pp.  549-550,  1930. 
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as  obtainoil  from  the  curve,  1 is  tlie  length  of  the  span  in  inches,  and  b and  d 
are  respectively  the  width  and  thickness  of  the  test  specimen  in  inches.  The  average 
values  of  the  three  specimens  cut  parallel  and  at  right  angles  to  grain  shall  be 
re]iorted  as  the  value  of  E ]iarallel  and  at  right  angles  to  the  grain  respectively. 
Values  varying  from  the  general  average  by  2-5%  may  be  thrown  out. 

Electrical  Resistance.  Tests  for  electrical  resistance  are  also  some- 
times described  as  conductance,  insulation,  or  leakage  tests.  Electrical 
resistance  is  a quality  of  interest  only  in  slate  to  lie  used  for  electrical 
insulation.  Various  ways  of  testing  electrical  resistance  have  been  de- 
vised.’- 

The  most  widely  accepted  tests  are  the  two  prescribed  by  the  Amer- 
ican Society  for  Testing  Materials;  they  are  given  below. ^ 

The  first  method  is  as  follows: 

A]iiiaratns  : 

Transformer  : Standard  10,000  volt  portable  testing  transformer  of  5 K.  V.  A. 
rating. 

Ammeter : With  full  scale  reading  of  ;>  amperes. 

Current  Source : 115  to  125  volt  alternating  currejit  with  frequency  of  25  to 

00  cycles  and  approximately  sine  wave  form. 

Electrodes:  Of  4/0  copper  wire  with  rounded  ends,  ade(juately  insulated. 

Specimens  : 

Size  may  be  variable  ; all  edges  sliould  be  sand-rubbed  or  honed. 

Procedure  : 

Connect  the  ammeter  in  scries  witli  the  low-voltage  side  of  the  testing  trans- 
former and  note  the  exciting  current. 

Coniu'ct  the  high-voltage  side  for  5.000  volts. 

Then  note  the  increase  in  current  (as  recorded  by  the  ammeter)  above  the  no- 
load  exciting  current  of  the  transformer. 

The  above  procedure  shouhl  be  carried  out: 

a.  — On  tbe  edges  and  surfaces,  with  the  electrodes  2 inches  apart'. 

b.  — While  the  slate  stands  on  edge  on  a sheet  of  metal,  one  electrode  should  be 

placed  in  contact  with  the  metal  while  the  other  is  moved  all  over  the 
slate  surface. 

c.  — The  slate  should  be  placed  firmly  on  the  metal  so  as  to  give  a good  contact 

.and  one  electrode  placed  on  the  metal ; then  tlie  surface  shoiild  be  thor- 
oughly gone  over  with  the  other  electrode. 

The  .second  nietbod  calls  for  more  complex  equipment: 

Ajiparatus : 

Transf<irmer  : A .30  ; 1 potential  transformer  of  200  K.  V.  A.  capacity. 

Voltmeters:  Two  150-volt  alt'ernating  current  voltmeters  (V,  and  VJ. 

Current  Source:  115-125  volt  A.  C.  source,  with  frequency  of  25-60  cycles  and 
lireferably  a sine  wave  form. 

Electrodes:  Padded.  4"  square,  so  arranged  as  to  clami)  down  and  make  intimate 
contact  directly  opposite  each  other  on  the  sides  of  the  slate  block;  provided 
with  insulated  handles. 

Kheostat : Variable  (R,)  ; for  controlling  voltage  across  voltmeter  V,. 

Resistance:  Fixed  (R,)  ; 14  ohms. 

S])ecimens : Size  variable:  linish  smooth  (sand  rubbed  or  boned). 

Procedure:  The  apparatus  is  set  up  as  indicated  in  Figure  27. 

The  electrodes  are  set  and  clamped  directly  opposite  each  other,  so  as  to  make 
close  contact  with  the  slate.  Reading  110  volts  on  V,,  the  voltage  reading  on  V, 
indicates  the  iiisulation  value  of  the  slate.  As  soon  as  V,  is  read,  the  electrodes 
may  l)e  moved. 

Calibration  must  be  accurately  carried  out. 

Tlie  latter  method  can  be  readily  used  by  tbe  unskilled  Avorker. 


1 I’unhie,  A.  n..  The  slate  of  Arkansas:  U.  S.  Geol.  Survey  Bull.  430,  pp.  320-330,  1910; 
Bristol,  W.  A.,  High  tension  testing  of  Vorinont  slate  anil  marble:  Kept,  of  -Vermont  State 
(ieologist  for  1911-1912  pp.  196-219,  1912;  Harvey,  Dean,  and  Keyes,  .1,  .1.,  Electrical  slate: 
Am.  Soc.  Test.  Mat.,  Proc.,  vol.  23,  It,  pp.  535-544,  1923;  Spurck,  R.  M.,  Insulation  tests 
of  slate  for  electrical  use:  Am.  Soc.  Test.  Mat.  Proc.,  vol.  23,  II,  pp.  545-554,  192.3';  Notyest, 
Robt.,  in  .Slate  for  electrical  purposes.  Structural  Slate  Co.,  E’en  Argyl,  Pa.,  1923,  pp.  33-34. 
= Abstract  from  Am.  Soc.  Test.  Mat.,  Tentative  standards  for  1929,  pp.  ,551-553,  1930. 
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Fig.  27.  A.  S.  T.  ;M.  ai)i)aratiis  for  testing  electrical  resistance.  For 

explanation,  sec  text. 


An  ap])aratns  especially  adapted  to  field  tests  lias  been  devised  by 
Xotvesf^  and  is  in  general  nse  in  the  United  States. 

Jiesistance  fo  corromm.  Structural  slate  that  is  used  in  toilets  or 
laundry  tubs  or  where  highly  acid  or  alkaline  va])ors  or  solutions  may 
come  in  contact  xvitli  it,  and  roofing  slate  in  certain  types  of  factories — 
such  as  smelters,  acid  jilants,  fertilizer  works,  and  the  like — may,  like 
other  strnctnral  materials,  be  subject  to  corrosion.  Althongh  slate  is 
Yery  resistant  to  both  acids  and  alkalies,  this  tyjie  of  attack,  if  ex- 
tended over  sufficiently  long  periods,  may  nltimately  jirodnce  color 
changes  (see  ])ages  19-22  )or  might  conceivably  resnlt  in  some  disin- 
legration.  Presenins,  Merriman,  Xotvest,  and  Lancaster  and  Bebre- 
have  all  devised  methods  for  testing  the  resistance  of  slate  to  snch  cor- 
rosive agents.  These  methods  are  all  accelei-ated  tests,  which  make  np 
for  the  time  available  for  the  process  in  natnre  by  increasing  greatly 
the  strength  of  the  reagents.  The  ])rincii)al  cori-osive  agents  used  ai'e 
.snlphnrons,  sidphnric,  nitric,  hydrochloric,  acetic,  and  snlphnric- 
hydrochloric  (mixed)  acids  and  sodinm  and  ammoninm  hydroxide's 
in  solutions  of  varying  concentration,  Xh)  definite  standards  have  yet 
been  devised.  Any  really  nsefnl  tests  mnst  face  two  different  effects, — 
color  changes  and  severe  textnral  disintegration. 


TErH\()FOC;Y  OF  STi.y TF 

The  technology  of  slate  has  been  thoi'onghly  discussed  by  Bowles'*, 
Since  that  pnblication  several  shorter  ■|m])ers  have  appeared,  however. 
It  is  the  pnrpose  of  what  follows  to  bi'ing  together  the  information 
contained  in  the  pnldication  mentioned  and  that  of  more  recent  date, 
in  snch  a form  that  it  shall  be  conveniently  available  for  users  of  this 
bnlletin.  For  technical  details,  the  reader  is  referi-ed  to  the  special 
works  mentioned  in  the  footnotes. 

In  general,  slate  technology  does  not  vary  greatly  from  place  to 
place.  For  this  reason  no  special  mention  will  ordinarily  be  made  of 
tbe  methods  nsed  in  individual  districts. 

1 Slatp  for  electrical  uses,  publ.  bv  the  Structural  Slate  Coiiipanv,  Pen  Ar^jyl,  Pa., 
1924,  pp.  33^34. 

-Presenilis,  R.,  Ueber  die  Pruefung  dcr  Dachschiefi'r  auf  den  Grad  ilirer  Venvitterbarkeit: 
Zeitschr.  anal.  Cheniie.  vol.  VII,  pp.  72-7S,  ISCS;  Jlcrrinian.  JIanstield,  The  strength  and 
weathering  fjualities  of  rooting  slates:  Ain.  Soc.  Civ.  ling.,  Trans.,  vol.  XXVTI,  piu  ."41  ::42, 
1893;  Xotvest,  Robt.,  The  reskstivity  of  slate  against  acids  and  alkalies,  tirivatcl.v  iniblislicil, 
Cleveland,  1325:  Lancaster,  C.  L.,  and  Hchre,  C.  IL,  .Ir.,  Ohcinical  experiments  on  acid 
and  alkali  resistance  of  slates;  .Am.  Soc.  Test.  JIat.,  Proc.,  Repiort  of  Sub-Com.  on  Slate,  19:i(). 

3 Bowles,  Oliver,  The  technology  of  slate:  U.  S,  Bur.  .Mines  Bull.  218,  pp.  23-123,  1922. 
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PLATE  14. 


A. 


Columbia  J5ans>oi*  quari  y 
(lumix'd 


at  llaiif>'<>i';  waste  from  stripping  being 
into  old  opening. 


I{.  Strii>ping 


glacial  overbuideii  'with  steam  shovel;  east  end  of 
Columbia  Bangor  quarry. 


PLATE  16 


A.  A typical  slat»‘  (jiiai'i'y,  showinji'  s<'vci'al  h'vcls  or  “idcccs;”  tli<*  li.  Wall  ot  a slatt'  <iii;irry;  to  sho\\  contrast  l)c 

smooth  (‘(lf-('s  \vci(‘  cut  with  a wir<‘  saw.  Photograph  hy  Bliss,  twccii  blasted  (rouRh)  and  channeled  (smooth) 

Easton,  Pa.  surfaces. 
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QUARRY  PRACTICE 

Form  of  ([uarries.  In  aJl  Pennsylvania  districts  it  is  customary  to 
follow  a simple  (piarry  plan.  The  opening  is  approximately  rectangu- 
lar or  rliomboidal,  two  sides  being  parallel  to  the  cleavage  strike  and 
two  parallel  to  tlie  grain.  The  qnarrymen  speak  of  the  edges  parallel 
to  the  grain  as  the  “sides”  of  the  quarry,  and  the  other  two  edges  are 
called  “back”  and  “front.”  On  account  of  the  general  i)arallelisni 
in  the  strikes  of  liedding  and  cleavage,  the  “back”  and  “front”  are 
commoidy  j)arallel  also  to  the  l)edding  strike.  In  all  of  the  Pennsyl- 
vania districts  the  “sides”  trend  northwest,  with  “back”  and  “front” 
extending  northeast.  iMany  quarries  rejiresent  fusion  of  several  indi- 
vidual operations  and  therefore  depart  notably  from  the  ideal  pattern. 

Depth  varie.s  greatly.  In  quarries  wdiere  the  beds  are  flat  lying 
(“run  fast,”  as  the  qnarrymen  put  it)  the  opening  is  likely  to  be  large 
but  shallow;  where,  the  beds  are  steeply  dipping’,  it  is  more  commoiuy 
small  and  deep.  Thus  at  Pen  Argyl,  where  the  beds  approach  the 
vertical,  several  quarries  are  well  over  500  feet  dee]).  At  Bangor, 
where  the  folding  is  around  horizontal  axes  and  the  bedtling  more 
nearly  Hat,  the  ojienings  have  a larger  surface  area  and  do  not  gener- 
ally exceed  250  feet  in  de])th.  At  Slatington  the  depths  are  interme- 
diate. In  the  Peach  Bottom  district,  since  bedding  Avas  not  a con- 
trolling factor,  the  depth  has  been  controlled  not  as  much  by  geologic 
as  I)y  Avorking  factors,  such  as  safety  of  Avails  and  drainage  facility. 
It  should  be  obvious  that  hoisting  time  increases  Avith  depth  and  that 
shalloAvness  has  consequent  advantages  Avhich  may  overbalance  other 
disadvantages. 

The  qnarrymen  designate  the  scA’eral  levels  or  benches  of  quarries 
as  “pieces.” 

Miodng.  In  several  places  in  the  PennsylA’ania  slate  districts  under- 
ground mining  has  met  Avith  success.  At  Slatiugton  two  true  mines 
A\  ere  operating  in  1927  and  many  other  openings  had  at  their  bottoms 
short  tunnel-like  tongues  of  very  large  cross-section,  suggesting  the 
stopes  of  a metal  mine.  Generally  an  old  quarry  opening  serves  as  the 
shaft,  but  at  the  Camln’idge  mine  near  Slatiugton,  rock  shafts,  about 
4(1  feet  square,  Avere  put  doAvn  to  reach  the  desired  bed.  These  methods 
have  the  advantages  that  operations  are  not  affected  by  ice  in  Avinter 
nor  by  inclement  Aveather,  and  cribbing  and  extensive  top  stripping- 
are  avoided.  The  handling  of  much  Avaste  is  also  obviated.  On  the 
other  hand  ventilation  introduces  some  difficulties  and  steam  and 
smoke  combine  to  confuse  the  sight  unless  a draft  is  provided  in  some 
way. 

In  the  Peach  Bottom  district  mining  has  not  only  been  carried  on 
locally,  but  in  at  least  two  eases  long  tunnels  Avere  driven  from  topo- 
graphic de])ressions  to  tap  the  slate  at  depth. 

Strippivg.  As  the  quarry  is  extended  in  any  direction  horizontally 
the  overburden  is  removed  either  by  hand,  or,  more  commonly,  by 
steam  shovel.  Hydraulic  stri])ping  has  been  suggested  but  has  not 
found  favor,  probably  because  the  lower  part  of  the  material  to  be 
stri]q)ed  is  really  solid  rock  and  possibly  also  because  of  the  proximity 
of  other  quarries  subject  to  Hooding.  Not  infrequently  a track  is  laid 
from  the  shovel  to  some  i)lace  farther  from  the  quarry  operations,  and 
cable-hauled  trams  are  used  to  carry  aAvay  the  stripped  glacial  debris 
or  Avaste  slate.  In  many  jilaces  the  Avaste  is  throAvn  into  a ])art  of  the 
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A.  Hroacliiiifi  bar  witli  iiioiinted  drill;  \('\v  l*<'<‘rlcss  ( I5,(ii<><>i' 

(liiariy. 


15.  Wire  saw  in  operation:  the  wire  is  seen  entering  tlie  rut  half-way 
up  the  nearest  standard.  Photograph  hy  Bliss,  piaston,  Pa. 
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quarry  wliieli  lias  been  aliandoued.  This  is  wise  only  if  there  is  no 
doubt  whatever  that  such  abandonment  is  to  be  permanent. 

Drilling.  Drilling  is  now  done  almost  wholly  by  machine  drill,  com- 
pressed air  being  the  power  employed.  Although  it  expedites  quarry- 
ing, drilling  is  likely  to  shatter  the  slate  somewhat,  so  that  it  is  cus- 
tomary to  drill  into  the  less  valuable  beds. 

Blasting.  In  the  past,  blasting  has  been  resorted  to  more  than  now. 
It  is  finding  less  favor  as  time  goes  on.  Dynamite  and  hand  firing  are 
most  usual.  Blasting  as  a general  practice  has  been  severely  con- 
demned by  llowles  because  it  shatters  the  slate  and  breaks  it  into 
s])lintered  fragments.  The  contrast  between  blasted  and  channeled 
walls  is  shown  in  Plate  15,  B. 

Channeling.  Channeling  machines  are  being  substituted  for  cruder 
methods  in  cutting  the  slate  away  from  the  sides  of  the  quarry.  The 
track  channeler  is  now  in  general  use.  It  shatters  the  slate  for  some 
distance  from  the  channel  cut,  but  is  otherwise  generally  satisfactory. 

The  use  of  the  channeler  in  a given  region  is  affected  by  the  cleav- 
age  dij)  in  the  slate,  as  pointed  out  on  page  30.  Its  success  depends 
also  iqion  the  resilience  or  toughness  of  the  rock.  Quariymen  assert 
that  the  slate  in  the  Bangor  beds  is  fractured  over  a much  smaller  area 
adjacent  to  the  channeler  than  in  the  Pen  Argyl  beds,  and  that  in  the 
latter  the  slate  of  the  Diamond  “run”  is  more  heavily  shattered  than 
that  in  the  Albion  “run.” 

Drilling  and  hroacliing.  In  the  last  few  years,  Bowles  has  advo- 
cated a return  to  the  older  method  of  drilling  and  broaching,  especially 
in  those  quarries  Avhere  the  slate  is  very  brittle  or  “tender,”  and  where 
the  loss  through  shattering  consequent  upon  the  use  of  channeling  ma- 
chines is  excessiveh  For  this  purpose  the  drill  is  mounted  on  “quarry 
bars,”  two  heavy  bars,  one  above  the  other,  on  a wooden  frame.  The 
drill  mounting  holds  the  drill  exactly  vertical,  and  as  it  may  be  slid 
back  and  forth  on  the  bars,  a line  of  holes  8 to  10  feet  in  length  may 
be  drilled  from  one  position  of  the  bars.  The  holes  are  drilled  8 to 
10  feet  deep  and  as  close  together  as  can  be  conveniently  accomplished 
without  a tendency  for  the  drill  to  run  into  the  adjacent  hole.  Cores 
% to  2%  inches  wide,  depending  upon  the  ease  with  which  the  slate 
is  broken,  are  usually  left  between  the  lioles,  but  the  cores  are  Avider 
at  the  bottom  as  the  drill  loses  gage  with  depth.  As  each  hole  is  com- 
l)Ieted  a Avooden  plug  is  driven  to  keep  it  free  of  cuttings.  The  cores 
are  cut  out  in  a subsequent  operation  Avith  a broaching  tool.  This 
method  appears  Avell  adapted  to  the  Pen  Argyl  beds,  especially  to  those 
above  the  Albion  “run”;  in  the  tough  slate  of  the  Bangor  beds  it 
seems  to  be  unnecessary.  At  Slatingtoii,  too,  it  has  met  Avith  limited 
success  (see  Plate  16,  A). 

Use  of  the  wire  saw.  In  1926,  through  the  Bureau  of  Mines,  the 
Avire  saAv  Avas  introduced  into  American  slate  quarries",  primarily  in 
the  hope  of  reducing  the  amount  of  Avaste  caused  by  shattering  the 
slate  through  blasting,  channeling  or  drilling.  The  apparatus  consists 
of  a 3-strand  steel  cable,  varying  between  3/16  and  b4  of  an  inch  in 

Bowles,  Oliver,  Technical  progress  in  slate  mining:  Eng.  Min.  Jour. -Press,  vol.  117, 
pp.  606-607,  1924. 

- Bowles,  Oliver,  The  wire  saw  in  slate  quarrying:  U.  S.  Bur.  Alines  Techn.  Paper 
469,  31  pp.,  1930. 
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diameter  and  traveling-  as  an  endless  belt  over  tlie  slate,  with  sand  as 
an  abrasive.  The  wire  passes  over  an  electrically  run  drive  pulley  and 
thence  over  sheaves  mounted  on  standards.  The  latter  are  .sunk  in 
holes  cut  or  drilled  for  the  ))urpose,  so  that  the  wire  is  brought  aa-ainst 
the  slate.  The  sand  abrasive  mixed  with  water  is  fed  upon  the  wire 
where  it  enters  the  cut.  (!See  Plates  15  A and  Ifi  B'). 

For  the  wire  saw  it  is  claimed  that  the  amount  of  slate  broken  in 
the  actual  channeler  cut  is  nine  times  as  great  as  that  abraded  by  the 
saw;  this  figure  would  be  further  increased  if  allowance  were  made  for 
the  shattering  of  the  slate  that  borders  the  channel  cut.  It  is  stated 
also  that  in  a given  time  the  wire  saw  will  cut  four  or  five  times  as 
much  as  a channeling  machine.  In  one  case,  to  give  concrete  data,  the 
cost  per  square  foot  of  oiierating  a wire  saw  was  oidy  about  a third 
as  high  as  for  a channeler.’-  On  the  other  hand  it  is  maintained  that 
the  channeling  machine  will,  in  the  best  regulated  quarries,  still  be 
found  necessary  for  short  cutsh 

Bemoving  Mocks.  Although  the  methods  used  in  removing  slate  from 
the  floor  of  the  quarry  vary  greatly  according  to  the  strnctnre  of  the 
slate  and  the  predilection  of  the  operators,  the  general  plan  may  be 
outlined.  Operations  first  lay  bare  the  cleavage  surface  that  forms  tin' 
floor  or  steeply-sloping  “back”  of  the  opening.  In  Pennsylvania 
qnarries  the  floor  generally  slopes  southward  at  angles  not  exceeding 
25°  ; rarely  it  is  horizontal.  If  the  cleavage  dips  steeply,  as  in  the 
Peach  Bottom  district,  a floor  must  be  developed  inclined  to  the  cleav- 
age, if  possible  along  joints. 

Slate  is  now  removed  from  one  corner  or  part  of  the  quarry  to  fur- 
ni.sh  a more  or  less  vertical  face,  the  “key”  face,  by  means  of  which 
the  rest  of  the  slate  making  up  the  floor  can  be  attacked,  A channel- 
ing machine  or  drilling  and  broaching  device  is  now  nsed,  or  a series 
of  holes  is  drilled  and  a charge  fired  so  as  to  break  the  slate  i)arallel 
with  the  grain  direction  and  along  the  side  wall  of  the  quarry.  A 
channel,  broach,  or  Avire  saw  cut  is  then  made  approximately  at  right 
angles  to  this  line  of  fracture.  Another  fracture  is  induced  along  the 
grain,  but  far  enough  aAvay  from  the  first  to  give  the  desired  width  t(j 
the  slab.  There  is  uoav  a well-defined  rhombic  Iflock,  three  sides  of 
which  are  bounded  by  the  fractures  described  above,  and  the  fourth 
by  the  vertical  “key”  face. 

Xext,  a series  of  holes  is  drilled  into  the  “key”  face  in  such  a Avay 
that  all  holes  lie  in  the  same  cleavage  plane.  A light  charge  of  powder 
is  exploded  in  these  holes  to  free  the  surface  slate  from  that  beloAv  the 
holes.  A more  or  less  rhomboid  block  is  thus  freed.  This  block  is  now 
])ried  np  by  several  men,  who  Avork  in  unison,  using  croAvbars  as  levers. 
It  is  then  ready  for  removal  from  the  quarry. 

Occasionally  an  unusually  regular  sy.stem  of  joints  can  be  utilized  so 
as  to  obAuate  the  channeling  at  right  angles  to  the  grain.  In  that  case 
the  edges  of  the  block  to  be  renioA’ed  are  bounded  by  two  joints  on  op- 
posite sides  (if  conditions  are  ideal),  by  tAA’o  fractures  induced  along 
the  grain  on  the  remaining  sides,  and  by  the  cleaA’age  plane  beloAV, 

i\Iany  variations  in  method  are  substituted  AA’here  structural  rela- 
tions of  bedding,  cleaA’age,  or  jointing  are  .suitable. 


^Bowles,  Oliver,  op.  cit.,  pp.  24-27,  pp.  2<>-30. 

. .7  r)oster.  Discussion  of  Behre,  C.  H.  Jr.,  Geologic  factors  in  the  development 

01  the  eastern  Pennsylvania  slate  Itelt:  Am.  Inst.  Min.  Met.  Eng.,  Trans.,  vol.  76  p.  411,  192s. 
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Ty|)ioal  hoistiiifi'  boxes  used  in  Pennsylvania  Triniininf*'  and  si)littin5''  slate  in  the  i-oofins 

(Hiariies;  note  erihhins  to  proteet  opeiiino.  shanty;  the  chain  that  moves  the  triminino 

tool  is  attached  to  the  spcina'  pole  above  the 
Avindovv.  Photographs  by  Bliss,  Easton,  Pa. 
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By  further  breaking  along  the  grain,  cleavage  or  joint  surfaces,  the 
large  block  of  slate  may,  if  necessary,  he  still  more  reduced  in  size  until 
it  can  be  conveniently  hoisted  out  of  the  quarry. 

Hoisting.  In  all  of  the  Pennsylvania  slate  districts  the  ((uarries  are 
equipped  with  steel  or  wooden  masts,  which  support  steel  cables  that 
are  thrown  across  the  mouth  of  the  ojiening  and  are  anchored  by  heavy 
guy-ropes  on  the  side  opposite  the  landing.  The  main  cables  measure 
1.5  to  2.5  inches  in  diameter,  while  the  draw  cables  are  from  a quarter 
to  three-quarters  of  an  inch  thick,  the  cableway^,  being  designed  to 
carry  from  three  to  five  tons,  according  to  Bowles.  Carriers  are  used 
on  the  cables  and  from  these  a chain  is  suspended  which  is  directly 
attached  to  the  large  blocks  of  slate,  or,  when  men  or  waste  pieces  are 
to  be  hauled,  is  fastened  to  a fiat  box. 

“Gin  poles’’  (rotating  derrick  booms)  have  been  used  by  oidy  one 
company.  They  have  the  disadvantage  of  a smaller  working  radius  but 
are  said  to  save  time  in  hoisting. 

Hoisting  is  done  by  drums  mounted  in  covered  engine  houses  some 
distance  back  from  the  brink  of  the  quarry.  Instructions  for  hoisting 
are  given  by  the  men  in  the  hole,  who  call  or  motion  to  the  “signal  boy’’, 
generally  a boy  or  young  man  stationed  in  a small  shanty  that  over- 
hangs the  quarry.  The  “signal  boy’’  then  directs  the  engineer,  either 
by  voice  or,  more  commonly,  by  a system  of  bell  signals. 

Great  care  is  taken  in  hoisting’,  and  close  cooperation  between  the 
men  in  the  hole,  the  “signal  boy’’,  and  the  hoi.st  engineer  is  required. 


Fig.  28.  Plan  of  tracks  of  Chapman  Slate  Company,  liChigh-Northamp- 
ton  district.  Access  by  rail  is  afforded  to  shanties,  waste  dumps,  and 

quarries. 


Transportation  from  the  quarry  landing.  AYaste  .slate  removed  from 
the  quarry  is  generally  placed  on  hand  cars  and  hauled  to  the  dumj). 

Large  blocks  are  marked  before  removal  from  the  pit,  to  indicate 
whether  they  are  to  be  thrown  away,  or  used  for  millstoek,  roofing,  or 
blackboards.  Those  to  be  u.sed  are  loaded  on  four-wheeled  truck  trams 
and  pushed  by  hand  or  hauled  by  mules  either  to  the  mills,  for  finishing 
into  structural,  electric,  or  blackboard  material  or  to  the  “.shanties”, 
in  which  roofing  .slate  is  made. 
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Fig.  29.  Plan  of  mill,  (Uimps,  and  quarries  of  the  North  liangor  Slate  Company,  Bangor.  Note  that  slate  can  he 
shifted  by  rail  between  all  pai-ts  of  the  operations,  thus  saving  hand  labor. 
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SJunifi/  design.  Until  recently  it  "was  enstoinary  to  eai'i’y  on  the 
si)]itting'  ami  trininiing  of  rooting  slate  in  small  wooden  loiildings 
ronghly  10  by  10  feet  in  plan.  These  are  the  "shanties”.  They  were 
placed  some  distance  from  the  “factory”,  wliere  strnctnral  slate  was 
made,  so  as  to  distribute  the  waste  fi'om  the  two  pi'ocs'sses.  Ueing  sim- 
])ly  constrneted,  they  could  he  moved  or  raised  as  desired. 

In  plants  of  more  motlern  design  the  splitting  and  ti-imming  are  done 
in  one  large  hnilding,  through  which  a hand  oi'  horse  car  is  drawn 
to  haul  away  the  waste  slate.  These  mills  are  described  below'  uniler 
‘ ‘ iModernized  procedure  ’ ’. 

Beduction  in,  size.  Blocks  sent  from  the  mill  or  directly  fi'om  the 
lauding  to  the  roofing  slate  shanties  must  be  reduced  to  dimensions 
adapted  to  ready  handling.  The  saw  used  for  this  purpose  is  gener- 
ally 36  iiiches  or  more  in  diameter,  and  is  about  inch  thick;  the 
teeth  are  fixed  in  one  piece  with  the  blade.  The  saw  turns  slowly  around 
a horizontal  axis,  making  between  five  and  ten  I'evointions  ])er  minute. 
While  it  rotates  the  iron  talde  on  which  the  slate  rests  moves  foiuvard 
at  a .slow  rate.  As  the  table  is  .slotted  and  the  saw  is  directed  to  follow 
the  slot,  the  .slate  is  gradually  forced  against  the  teeth  of  the  saw, 
which  cuts  it,  according  to  BoAvles,  at  the  rate  of  three  to  twenty  inches 
per  minute.  To  ])revent  the  slate  block  from  being  pushed  back  on  the 
table  as  the  saw  advances  against  it,  plugs  are  driven  around  the  piece 
into  the  holes  of  the  grating  that  forms  the  table.  If  necessary,  the. 
block  is  thinned  after  sawing  by  splitting  it  with  wedges  set  jiarallel 
with  the  cleavage. 

One  cpiarry  has  found  the  diamond  saw  better  than  any  other  for 
trimming  roofing  slate  before  splitting.  It  has  also  been  suggested  that 
a saw  tipped  with  the  newly  developed  alloy,  tungsten  carbide,  might 
]irove  satisfactory  and  exi)erinients  seem  to  show  as  much'.  For  both 
of  these  saws,  the  speed  is  believed  to  more  than  balance  the  greater 
co.st,  hut  the  final  results  of  tests  are  not  yet  available. 

In  some  quarries,  notably  in  the  “hard”  belt  of  Northampton 
County,  one  or  two  saws  are  set  up  near  the  shanties  to  cut  up  only 
such  slate  as  is  intended  for  roofing.  In  quarries  where  mills  are  oper- 
ated, however,  the  smaller  ])ieces  cut  from  the  large  blocks  that  were 
destined  for  structural  ])ui‘pose.s  are  also  utilized  and  these  of  course, 
require  no  sawing  but  are  sent  directly  to  the  shanty. 

Bplitfing.  When  the  slate  has  been  reduced  to  pieces  abottt  1.5x2 
feet  in  area  and  5 inches  or  less  in  thiekiiess,  it  is  carried  to  the 
shanties.  Here  the  s]fiitters  swab  the  bloete  with  water.  A thin,  wide- 
bladed,  and  very  flexible  chisel  is  then  worked  into  the  slate  along 
cleavage  cracks  by  gentle  ta])])ing  with  a mallet.  When  the  chisel  is 
finally  well  inserted  another  is  commonly  entered  in  like  manner,  pry- 
ing ajiart  the  same  two  cleavage  surfaces.  Gentle  tajpung  and  deejier 
forcing  of  the  chisels  finally  induces  the  .slate  to  part  along  the  desired 
])lane. 

Attempts  have  been  made  to  introduce  mechanical  S])litters,  l)ut  the 
machine  has  not  found  favor. 


1 Jlimeographed  reports  of  Coiiiniittee  D-IG  on  Slate,  x\.m.  Soc.  Test,  JIat.,  .Jan.  22, 
1930,  p.  4,  and  Jan.  19,  1931,  p.  (>. 
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The  usual  thickness  to  vhieh  roofing’  slate  is  split  is  3/16  of  an  inch. 
Standard  siiecifieations,  however,  provide  for  the  following  additional 
sizes:  Yi,  %,  1/2,  %,  1,  11/4,  l/k,  1%,  and  2 inehesh 

Trimming.  After  tlie  rock  is  split  to  the  thickness  of  roofing  slate, 
it  is  trininied  under  a heavy  steel  blade  which  is  fixed  at  one  end  and 
is  operated  by  a treadle.  The  blade  is  made  to  swing  by  a spring  pole, 
placed  outside  the  shanty,  or  by  a coil  spring.  This  instrument  cuts  the 
larger  pieces  of  thinly  split  slate  into  the  sizes  desired  for  roofing.  This 
is  clearly  an  antiquated  device.  A more  modernized  design  is  a power- 
driven  machine,  which  obviates  the  tiring  foot  treadle. 

In  general  a jnece  of  slate  is  cut  out  to  the  largest  size  iiossible  con- 
sonant with  the  standard  roofing  sizes.  A set  of  metal  plates  attached 
to  the  trimming*  machine  is  so  arranged  as  to  permit  the  rapid  ganging 
of  the  dimensions  to  Avhich  the  slate  piece  is  best  adapted.  It  is  said 
that  the  treadle  must  be  worked  more  slowly  for  more  brittle  and  softer 
slate. 

launching.  On  demand  some  producers  still  punch  the  slate  with 
nail  holes.  This  is  done  with  a machine  operated  by  a treadle.  Opin- 
ions differ  among  operators  as  to  the  desirability  of  punching  slate 
before  shipment.  Some  assert  that  the  loss  suffered  by  the  operators 
is  appreciable.  Others  maintain  that  the  service  is  better  if  punching 
is  done  at  the  (piarry  because  the  full  quantity  of  slate  ordered  is  then 
available  to  the  consumer,  no  losses  being  sustained  by  him  after  re- 
ceipt of  the  shii)ment ; this,  they  believe,  begets  better  feeling  between 
producer  and  consumer  and  more  than  balances  the  financial  loss 
through  occasional  breakage  in  punching. 

A higher  price  is  charged  for  punched  slate.  Punchers  are  paid  on 
a ])iece  basis. 

Storage.  Roofing  slate  is  generally  stored  out  of  doors.  AVhen  ex- 
posed to  the  weather  the  slates  generally  become  a shade  lighter  in  color 
and  producers  ju’efer  that  the  preliminary  exposure  or  “seasoning” 
should  take  jdace  at  once,  prior  to  shi))ment.  In  the  Pen  Argyl  region 
the  ])raetice  of  indoor  storage  is  followed.  Portable  storage  racks  are  in 
use  locally,  but  more  generally  the  finished  slates  are  stacked  on  edge 
in  “blocks”,  a course  of  lumljer  laid  upon  them,  and  then  another 
“block”  stacked  ujion  the  first. 

Wa.^ite  (lispo.'ml.  The  chips  from  the  shanties  are  commonly  thrown 
from  a chute  ])laced  conveniently  near  the  trimming  machine.  A huge 
pile  of  waste  gradually  accumulates,  necessitating  periodic  moving  or 
raising  of  the  shanties.  This  accumulated  waste  is  a striking  feature 
in  the  district.  For  a further  discussion  the  reader  is  referred  to  the 
section  under  “Waste”. 

Modernized  procedure.  Recently  separate  shanties  have  been  done 
away  with  by  the  more  up-to-date  companies,  in  favor  of  a single 
buihling;  typical  plans  are  given  in  Figures  30  and  31.  Heavy  blocks 
are  handled  Avith  overhead  traveling  cranes.  The  trimming  machines 
are  poiver  driven.  The  finished  slates  are  ])iled  on  Avheeled,  portable 
racks,  Avhich  are  hauled  to  storage.  AVaste  falls  through  chutes  to  a 


* Roofing  slate:  U.  S.  Bur.  Standards  Simplified  Practice  Recommendation  R 14-28, 
p.  1,  1928. 
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PLATE  18. 
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A Typical  slate  mill  building,  with  cnotiiig  slat»‘  stock  pile. 
Cambiidge  Slate  Company,  Slatiiigton. 


B.  Dump  and  twenty  rooting  slate  shanties  of  Chapman  Slate  Com- 
pany, Chapman,  in  Lehigh-Xortliampton  district. 
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dei:)i'ess(‘cl  track  over  wiiicli  it  is  trammed  to  the  dump,  or  it  is  fed 
Ijy  tiie  cJuites  directly  upon  a continiions  belt  conveyor  whieli  carries 
it  to  the  dump.  These  imju'ovements  are  said  to  have  increased  pro- 
duction ]ier  man  by  as  nincli  as  200  per  cent  or  more.  In  1927,  seven 
sncli  rootino' slate  mills  were  in  operation  in  Pennsylvania. 


a Track  for  slate  blocks 
6 Overhead  traveling  crane 
c Block  storage 
d Extra , rainy-day  storage 
e Saw  beds 
f Box  for  waste 


g Position  of  block  makers 
h Position  of  splitters 
/ Position  of  trimmers 
k Waste  belt  conveyor 
/ Track  for  portable  slate  racks 
m Track  for  waste 


Fis>’.  Plan  of  Jack.son-IJansor  Slate  Company  roofing  mill  (after 

Howle.s) . 
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Waste  track  stock — ^ 

Figure  31.  Plan  of  eomhinatioii  roofing  and  .school  slate  mill  of  the 
nine  llidge  Slate  Co.,  Slatingtoii. 


MILL  PRACTICE 


or, 


MILL  PKA(  TICE 


('ompafison  of  milling  inelliods.  [Mill  jiractife  varies  slightly  in  tlis 
different  districts.  The  two  mills  in  tin*  Peach  Pottoni  district  are  south 
of  the  [Maryland  state  line,  but  are  rc‘i)resentative  of  mill  practice  in 
that  distinct.  They  are  both  simple  in  jilan.  Here,  as  also  in  the  “hard” 
belt  of  the  Lehigii-Xorthamiiton  district,  the  only  products  besides  I'oof- 
ing  slate  are  grave  vaults,  fence  jmsts,  and  rough  slabs  of  various  sorts. 
Xo  elaborate  mill  machinery  is  necessary  and  the  mill  practice  consists 
of  sawing  the  slate  into  specified  sizes,  and  then  splitting  to  the  desired 
thickness.  The  saws  and  chi.sels  are  similar  to  those  emjiloyed  for 
rooting  slate.  Planers  are  not  commonly  used  and  there  are  no  rubbing 
beds. 

In  the  kSlatington,  Pangor,  Pen  Argyl  and  related  regions  of  the 
Lehigh-XTirtliampton  district,  much  structural  slate  of  various  tyjies 
and  sizes  is  protlnced  and  the  jirocess  is  far  more  elaborate.  A brief 
description  follows. 

So)iing.  Either  in  the  cpiarry  or  on  entering  the  mill,  the  slate 
blocks  are  graded,  so  that  it  is  known  whether  they  aiv  intended  for 
blackboards,  structural  slate,  or  electrical  slate.  In  sorting,  slate  is 
designated  as  “clear  stock”  (consisting  of  oidy  light  gray  or  greenish 
gray  slate,  free  from  carbonaceous  or  sandy  bands  or  “ribbons”)  and 
“ribboned  stock”  (in  which  there  are  differing  beds  in  the  block).  Pn- 
usually  thick  beds  of  clear  stock  are  set  aside  for  blackboards.  Pieces 
from  certain  beds  whicli,  through  test  or  use,  are  known  to  yiekl  good 
electrical  material  are  saved  for  switchboards  and  insulation.  Excep- 
tionally dark,  uniformly  colored  blocks  are  sent  to  the  school  .slate  fac- 
tories but  they  are  obtained  from  only  a few  well  known  beds. 

Mill  hnilding  and  plan.  Slate  machinery  is  generally  housed  in  a 
wooden  shed,  the  mill  or  factory,  which  is  longer  than  witle.  An  aisle 
is  left  open  down  the  middle  of  the  building  and  jiarallel  with  the 
length,  in  many  juills  tracks  are  laid  in  the  aisle,  and  a small  hand 
car  utilized  to  transport  the  rough  slate  blocks  or  finished  ])roducts. 

The  various  pieces  of  machinery  are  arranged  on  either  side  of  the 
middle  aisle,  in  such  a way  as  to  facilitate  as  direct  ti'ans])ortation  from 
machine  to  machine  as  })Ossible.  The  mill  plans  vary  with  the  machin- 
ery used,  the  kinds  of  slate  products  made,  and  the  views  of  the  o])era- 
tors  as  to  the  best  arrangement  of  the  machines.  Typical  mill  plans 
ai'e  pre.sented  in  Figures  32  aud  33.  P>owles  has  tliscussed  the  matter 
of  mill  planning  in  mnch  detail'. 

rower.  ,Steam,  gasoline,  and  electricity  are  all  utilized  for  power 
in  the  slate  districts.  , Steam  ])ower  and  electricity  vie  with  each  other 
for  use  in  driving  mill  machinery  and  air  compressors.  Steam  is  genei’- 
all.y  used  for  hoisting.  Gasoline  is  ])referred  tor  pumps  aud  (juarry 
machinery. 

Electricity  is  fmmished  by  public  pow'er  companies.  Ti-ansfoinners 
are  a necessary  part  of  the  e(piii)ment. 

Anthracite  is  the  usual  fuel.  The  boiler  house  is  a separate  building 
])laced,  as  a rule,  .some  distance  from  the  mill. 

In  the  mill  the  machinery  is  gemn-ally  linked  to  one  or  two  shafts 
which  parallel  the  length  of  the  building.  Generally  one  of  these  is  a 


1 Bowles,  Oliver,  op.  cil.,  pp.  77-SO,  19'22. 
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82.  Plan  ol'  mill  of  Consolidated  No.  1-Star  (jiiarry  at  East 
Hang'or;  Jjehigh-Northainpton  district. 


S-Trimmfngsaw  WSharpening  wheel  P-Planer 
B'Buffer  PB- Rubbing  bed  C- Carborundum  wheel 


Fig.  88.  Plan  of  small  mill  of  Manhattan  Slate  Co.,  at  Slatedale,  which 
makes  blackboards  and  electrical  slate. 
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drive  shaft  and  is  belted  to  the  other.  In  some  of  tlie  more  modern  mills 
individual  saws  are  (‘(jiiipiied  with  Iheii'  own  motor-drive  units. 

Mill  transpu)'t<itii/H . Four  methods  of  handling'  raw  and  liuished  slate 
in  the  mill  are  utili/ed.  These  are,  by  boom,  hand  eai',  horse-power, 
and  crane. 

Many  slate  mills  are  ecpiipped  with  a block  and  tackle  attached  to  a 
rotating'  boom.  Such  an  ai)plianee  is  used  outside  the  mill  shed  for 
moving-  blocks  from  the  hand  car  to  tin*  saw  tables,  or  within  the  build- 
ing to  shift  pieces  fi'om  one  machine  to  another,  the  hmgth  of  the  hori- 
zontal arm  of  the  boom  being  the  measure  of  its  working  radius.  In 
some  mills  the  block  and  tackle  can  be  moved  along  the  length  of  the 
horizontal  arm.  In  one  mill  a chain  and  gra])])le  are  mounted  on  an 
S-shaped  track;  this  a])i)lianee  is  used  for  moving  slate  from  saw  table 
to  planer. 

]\Iuch  transportation  is  effected  by  hand-pushed  or  horse-drawn  cars, 
moving  on  a track  which  is  laid  along  the  middh*  aisle  of  the  mill. 

In  four  mills,  ovei'head  cranes,  traveling  on  tracks  attached  to  the 
roof,  are  in.stalled.  The  hve-ton  Shejjard  ci'ane  appears  to  find  most 
favor.  The  initial  expense  is  a deterrent,  but  the  crane  certaiidy  ex- 
l)edites  the  handling  of  waste  and  of  larger  blocks  and  so  probably  i)a3’S 
for  itself  in  a short  time. 

Reductiun  in  size.  This  ]U'ocess  is  similai'  to  that  already  described 
in  the  case  of  shanty  oj)erations.  Two  sizes  of  saws  are  commonly 
u.sed,  one  measuring  up  to  4 feet  in  diameter  (‘‘bnck-saw”)  for  the 
preliminary  reduction  of  the  rough  blocks  and  another  (“rip-saw’’) 
generally  having  a diameter  of  about  2 feet,  for  removing  irregular 
edges  or  for  cutting  partly  finished  or  thinner  slabs.  In  some  mills  a 
large  saw  of  the  former  type  is  mounted  outside  the  mill  shed.  Within 
the  shed  the  lai'ger  saws  are  genei'ally  ])laced  neai'  the  entry,  the  smaller 
ones  being  closer  to  the  jtlaners  and  other  machinery. 

For  recent  advances  in  sawing  technology,  the  reader  is  I'cferi'cd  to 
the  section  on  “ Reduction  in  Size”  on  page  91. 

Phninig.  The  slate  is  next  planed  to  a smooth  surface.  For  this 
purpose  the  block  is  jdaced  on  a bed  which  travels  back  and  forth 
as  does  a sawing  table.  The  motion  cai'i'ies  the  slate  under  a blade  which 
is  set  at  a very  low  angle  to  the  horizontal.  Since  the  blade  is  not  as 
wide  as  the  bed  on  Avhich  the  slate  rests,  and  hence  also  generally  not 
as  wide  as  most  slate  slabs,  it  must  be  moved  laterally  from  time  to  time 
to  bring  it  in  contact  with  the  entire  surface.  Fui'ther,  the  blade  is 
mounted  in  a geared  rack,  so  that  it  may  be  pi'ogressively  lowered  to 
cut  the  slate  into  thinner  slabs.  Needless  to  say,  such  machines  reipure 
skilled  operators,  as  it  is  desired  to  make  the  sui'face  absolutely  ])lane. 

Sand  polishiiKj.  For  much  structural  material  the  planed  surface  is 
sufficiently  even,  but  in  many  cases,  notably  in  the  manufacture  of 
blackboards,  a yet  smoother  tinish  is  desired.  For  this  ])urpose,  as  'well 
as  for  perfecting  the  edges  of  other  pieces  of  which  the  lai'g(*  surfaces 
do  not  recpiire  a ])olish,  a rubbing  bed  of  circular  plan  is  used.  It  con- 
sists of  a disk  of  iron,  12  feet  in  diameter,  rotating  around  a vertical 
axis.  Sand  is  ])laced  upon  this  as  an  abrasive  and  a stream  of  water 
is  directed  upon  it.  Downward  ])ressure  is  exerted  by  weights  placed 
upon  the  slate  as  it  lies  upon  the  rulibing  bed. 
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PLATE  19. 


A.  Ariiviil  of  block  of  slate  on  laiiclinj*’. 


15.  Sawiii"’  slate  on  niechanical  sawing  table.  Photographs  by  Bliss, 

Easton,  Pa. 
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PLATF:  20. 


A.  Planing'  machine  in  oiterat  ion. 


B.  Rubbing-  bed;  a slate  slab  is  resting  on  the  disk-sbaped  inibbing 
surface  and  another  is  held  by  the  oi)erator  ■with  its  edge  against  the 
surface  of  the  rubbing  disk.  Photographs  by  Bliss,  Easton,  Pa. 
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I’LATE  21. 


A.  lii-caO  hoard  of  sof(  slate;  diaiiuder  24  iiielies. 


15.  Multiple-head  huffer;  only  four  arms  ar(‘  in  use. 
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Recently  attention  lias  been  directed  to  the  waste  of  sand  in  the  run- 
off. One  quarry  solved  this  iirohlein  hy  installing  a cone  system  for 
sand  recoveryh 

Buffing.  To  "’ive  a final  polish  a huftiiiy  machine  is  used  on  the  slate. 
This  is  necessary  only  in  the  case  of  hlackhoards,  hulletin  hoards,  and 
switchboards. 

Buffing  machines  are  of  two  types.  Om*  of  these,  the  Vermont  tyjie, 
consists  of  a disk-shaped  head  in  which  are  mounted  blocks  of  abrasive 
material.  This  polisliiug  head  is  I'otated  by  a belt  connected  with  a 
power-driven  shaft  and  is  attached  to  a movable  vertical  arm.  Pres- 
sure of  buff’er  against  slate  surface  is  supplied  hy  a heavy  spring,  upon 
which  the  operator  exerts  traction.  Water  is  directed  upon  the  slate 
while  the  jmlishing  is  in  jirogress.  This  ty|)e  of  huff'er  reipiires  careful 
operation  and  finishes  only  a small  area  at  a time. 

The  other  type  has  several  arms  or  rods  (generally  six),  each  car- 
rying a polishing  block.  When  smaller  pieces  are  jiolished  not  all  six- 
arms  are  needed  hut  in  such  ca.ses  those  not  in  use  are  generally  left 
in  gear.  The  arms  rotate  around  vertical  axes  so  that  each  ])olishing 
block  acts  on  a circular  area.  From  time  to  time  the  slab  is  moved 
until  it  has  all  been  gone  over  in  this  way. 

Carborundum  wheels.  These  are  (*m])loyed  in  many  mills  for  bevel- 
ling and  for  cutting  small  slabs  of  slate  to  the  desired  size.  They  are 
coming  into  increasing  use.  In  some  instanci's  they  are  placed  on  trav- 
elling axles,  so  that  the  slate  can  be  fixed  and  the  wheel  forced  against 
it  mechanically. 

Shaping  and  drdhng.  As  a final  stage  in  beveling,  sbajiing,  groov- 
ing or  fitting  slate  for  switchlioards  or  foi'  tubs,  sinks,  and  troughs,  hand 
work  is  resorted  to.  Perhaps  the  gri'atest  skill  in  the  slate  industry 
is  needed  for  these  finishing  steps.  In  many  mills  drilling  for  wiring 
or  bolting  is  also  done  by  band,  but  some  factories  use  mechanical 
drills,  which  are  multiple  in  some  cases,  permitting  the  simultaneous 
drilling  of  several  holes  at  set  distances. 

Electrical  slate  testing.  By  em|iirical  methods  the  beds  capable  of 
yielding  electrical  slate  are  known.  The  outstanding  chai’acteristies 
of  these  beds  are  their  uniformity  of  grain  and  the  absence  of  mag- 
netite and  pyrite,  of  excessive  graphite,  and  of  small  areas  bearing  more 
than  normal  quantities  of  silica.  Although  most  of  these  umh'siralile 
features  can  be  easily  recognized  ui)on  sujierticial  insjiection.  they  are 
frequently  not  seen  when  present,  es|)ecially  if  the  slab  is  thick  and 
conceals  them  in  its  interior.  For  testing  the  electric  insulation  of  slate, 
a special  apparatus  consisting  of  a transformer,  milliammeter,  and  two 
wires  ivitli  lirush-like  terminals  has  been  devised  by  Robert  Xotvest, 
working  for  the  Structural  Slate  Conqiany-. 

A wire  is  applied  to  one  side  of  the  slab,  and  with  the  other  wire  all 
points  on  the  slate  surface  are  brushed  over  to  see  whether  thei’e  is  any 
leakage.  This  is  determined  by  the  flow  of  current  I’ecorded  on  the 
milliammeter. 

Electrical  testing  of  slate  is  described  in  detail  on  page  SO-Sl. 

> Mimeograrhed  report  of  Cominitt<‘e  I' IH  on  Slate,  Ain.  Sot.  Tost.  .Mat.,  .Ian.  19, 
1931,  pp.  6,  7. 

^Xotvest,  Robt.,  Slate  for  eleotrioal  uses,  puM.  Iiy  the  Struetural  Shite  C'oinpaiiv,  I'en 
Argyl,  Pa.,  1924,  pp.  33-34. 
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Blackboard  making.  IMaeldjoards  are  split  like  roofing  slate,  but 
more  care  must  lie  exercised  because  the  slabs  are  generally  larger. 
They  are  then  sand-rubbed  on  the  rubbing  bed,  polished  under  the 
buffer,  and  stored  in  a sei)arate  shed.  In  one  factory  the  old  practice 
of  hand  planing  the  slate  for  blackboards  is  still  followed.  For  this 
j)nri)o,se  a sharp  blade  witli  long  cutting  edge  is  used.  Blackboards 
must  be  carefully  crated  for  shipping. 

School  slates.  These  are  made  from  beds  darker  than  the  usual  light- 
gray  slate,  l)ut  not  as  dark  as  the  “ribbon”  or  higbly  carbonaceous 
layers.  The  slate  is  split,  like  roofing  slate,  and  then  trimmed  with  a 
ra|)idly  rotating  saw  shajied  like  a square  with  a triangular  prolonga- 
tion at  each  corner.  The  sizes  of  school  slates  vary  from  4x6  inches 
to  IB/h  X 14  inches.  “Toy  blackboards”  measure  18  x 20  inches. 

Each  piece  of  slate  is  first  sent  through  a beveler;  this  bears  a car- 
riage by  which  the  slate  is  ])]'opelled  over  knives  which  have  their 
blades  inclined  in  such  a way  that  one  edge  of  the  slate  is  beveled  in 
transit. 

AVheu  the  piece  has  been  beveled  on  all  edges,  it  is  forced  between 
two  knives  placed  with  their  blades  only  far  enough  a]iart  to  permit  the 
passage  of  the  desired  thickness  of  slate  (1/6,  1/7,  and  1/8  inch,  ac- 
cording to  the  grade  s]H‘cified).  This  machine  is  called  the  shaver. 

For  final  surfacing  the  beveled  and  shaved  slate  may  be  passed  be- 
tween two  ]iaper  covered  cylinders  Avhich  rotate  rapidly  in  opposite 
directions;  this  machine  acts  as  a buffer. 

Some  slates  are  ruled,  especially  if  destined  for  use  in  Continental 
Eurojie.  The  grooves  of  the  rulings  are  colored  Avith  red  lead.  The 
last  ste]A  before  framing  is  a thorough  AA'asbing. 

School  slates  destined  for  domestic  use  are  framed  here  as  aa'cII,  and 
a bit  of  colored  goods  is  applied  to  the  outside  of  the  frame.  Foreign 
slates  are  set  in  Avire-bouud  frames.  The  finished  slate  is  carefully 
])acked  in  boxes. 

In  recent  years  two  school  slate  factories  have  operated  betAATen 
Slatington  and  Slatedale  and  one  near  Flicksville,  south  of  Bangor. 
The  largest  is  that  near  Slatington. 

Accessorjf  machinery  and  sheds.  AVell-equipped  slate  mills  generally 
have  an  emery  or  carborundum  AA’heel  for  sharpening  suaa’s  and  ]ilaner 
knives.  A separate  room  is  ordinarily  su])plied  for  fitting  A\mrk,  such 
as  hand  turning  and  beveling  of  mill  products.  Similarly,  tbe  Avork- 
ers  s]ditting  blackboards  are  commonly  given  a separate  AA'orkshop.  A 
lumber  sbed  and  carjienter  sho])  AAuth  buzz  saw  are  also  present,  ancl  here 
slate  is  crated  for  shijiping.  Ad,jaeent  to  the  rubbing  bed  is  a sand 
bouse,  AA’itli  a chute  leading  to  the  factory. 

Storage.  Finely-finished  mill  products  are  stored  in  a room  or  house 
('ounected  Avith  the  faetoiy  by  rail.  A separate  sjiaee  fitted  Avith  racks  is 
set  aside  for  blackboard  storage. 

MAKBLEIZING  I'LANTS 

In  the  later  ])art  of  the  last  century  much  “marbleized”  slate  Avas 
produced,  it  consists  of  slate  the  surface  of  AAdiich  has  been  stained 
or  painted  in  A'arious  designs;  after  these  have  been  put  on  the  slate, 
they  are  baked  in.  Marbleized  slate  Avas  formerly  much  in  fashion  and 
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is  still  used  for  iiiautles,  -wainseotiny,  tal)le  tops,  tiles,  and  door  ])latcs, 
as  Avell  as  for  checker  boards  and  in  X-ray  panels. 

As  practiced  by  the  Butler  Brothers  Conipany  at  Ben  Ar<>'yl,  the  lirst 
step  in  inarbleizing-  was  to  ai)ply  a g-roiind  coat  of  color  on  fiiusbed 
structural  slate.  Tlie  desired  piynients  in  oil  were  dropped  on  the  sur- 
face of  water  in  a vat.  The  tilin  of  coloi-  thus  formed  was  broken  bj- 
agitation;  then  the  slate  slab  Avas  gently  loAvered,  face  down,  ui)on  the 
network  of  [)aint  floating'  on  the  .surface  of  the  Avatei'.  This  netAVork 
adhered  to  the  face  of  the  slab  AA'ben  the  latter  Avas  AvitbdraAvn.  In  this 
manner  the  appearance  Avas  simnlated  of,  for  examj)le,  a piece  of  vei'de 
antique.  The  surface  Avas  then  finished  by  beating  in  a kiln,  varnishing, 
and  polishing  Avith  ipnmice. 

Since  1921)  the  Structural  Slate  Company  at  Ben  Argyl  has  manu- 
factured a similar  product.  Structural  slate  Avith  (.r  Avithout  rib])ons 
may  be  used  and  an  outlet  is  thus  furnished  for  ribboned  blocks.  These 
are  finished  smooth  and  coated  Avith  a lacquer  applied  as  a spray  Ijy 
means  of  compressed  air.  Several  coats  of  A’arying  colors  may  be 
applied  for  mottled  or  blended  effects.  A tAvo-tone  marble-like  imita- 
tion is  also  made  by  using  one  color  (as,  for  example,  l)lack)  as  a base 
and  transferring  upon  this  in  another  color  (such  as  golden-yellow)  a 
vein-like  ])attern  receiA'ed  from  a copper  plate  u])on  Avhich  the  tlesign 
Avas  reproduced  from  a photograph  of  a marble  slab.  The  final  a])pear- 
ance  is  thus  a good  imitation  of  true  “vein”  marble.  A trans})arent 
coat  of  lacquer  is  applied  last. 

GRAXULATIXt;  AXI)  Pl  lA  ERIZIXG  MILLS 

SSlate  (jmnules.  In  1927  two  plants  in  Bennsylvania  made  slate 
granules.  These  Avere  located  at  Ben  Argyl,  in  Northampton  County, 
and  at  West  Bangor,  near  Delta,  York  County.  A third  lai-ge  plant 
at  Whitaker,  just  south  of  the  Bennsylvania  line  in  the  Beach  Bottom 
district,  Avas  also  active.  In  addition,  crushing  and  pulverizing  plants 
have  in  recent  years  been  oi)erated  at  Beach  Bottom,  Lancaster  County, 
in  the  Peach  Bottom  district;  at  Lenhartsville,  CreenaAvald,  and  Al- 
bany, in  Berks  County;  near  Bangor,  Northam])ton  County;  and  just 
east  of  the  Bennsylvania  line  at  Columbia,  Ncav  Jersey,  op])osite  Bort- 
land,  Pennsylvania. 

The  general  plan  is  to  feed  waste  or  the  normal  broken  quarry  prod- 
uct into  a gyratory  crusher,  then  to  a hammer  mill,  disk,  rolls  or  otiiei- 
secondary  crnslier  and  sometimes,  as  at  the  Parsons  Brothers’  ])lant. 
Pen  Argyl,  directly  to  a ball  mill.  For  sizing,  the  product  is  screened, 
the  “hummer”  type  of  screen  being  iireferred.  Tavo  sizes  are  jiro- 
duced, — granules  and  dust,  and  some  plants  yield  a middling  as  Aveil. 

The  three  iilants  located  in  Berks  County  all  ])roduced  red  and,  to 
a small  extent,  green  granules.  (Most  of  the  product,  hoAvever,  Avas  dric'il 
and  finely  crushedb 

Slate  granules  are  used  for  surfacing  tlexible  stone-coated  shingles 
and  roll  roofing. 

Pulverized  slate.  All  of  the  mills  mentioned  luiA’e  produced  puB'er- 
ized  slate.  It  is  the  fine  product  from  the  secondary  or  finer  crnshing 
mentioned  aboA'e.  It  is  used  inainlA'  as  a filler  for  paint,  linoleums, 

1 See  also,  Stone,  R.  AV.,  Roofiiitr  grannies  in  southeastern  Pennsylvania:  Pa.  'J'oii. 
and  Geol.  Survey  Minieograplied  Bull.  S2,  4 pp.,  192:i. 
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PLATE  22. 


A.  Sch()i>lhoiis('  af  ('hapmaii,  Xortlianiploii  County,  built  of  waste 
blocks  from  hard  slate  <iuarries. 


15.  Typical  waste  b(>a|).  .VIbion  quarry,  Keenan  Structural  Slate  t'o 

Pen  Arnyl. 
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and  rubber.  Some  also  enters  fuse  eoveiis,  and  occasionally  is  a sub- 
stitute for  fuller’s  earth.  The  red  slate  of  Lenhartsville  once  even  was 
treated  for  iron.  Crushed  sizes  coarser  than  dust  are  o-enerally  re- 
garded as  waste,  but  have  been  used  locally  for  brick  making. 

WASTE 

Reduction.  Wa.ste  reduction  is  the  largest  single  problem  of  the 
slate  indiustry.  The  waste  incidental  to  quarrying  is  enormous  and 
even  that  resulting  from  milling  is  consjjicuously  great.  Together  they 
are  e.stimated  to  equal  between  (SO  and  85  per  cent  of  all  the  slate  taken 
from  the  groundh  Some  of  this  loss  is  inevitable,  being  due  imrtly  to 
irregularities  in  cleavage,  jointing,  or  some  other  structural  feature, 
partly  to  sedimentary  factoi's,  such  as  “ribbons”,  “hard  rolls”,  and 
“knotty”  slate.  l\Iueh  may  be  assigned  to  inadequate  exploration  in 
advance  of  quarrying.  This  and  poor  mill  jiraetice — another  source 
of  waste — both  lie  within  human  control. 

rtilization.  Itowles-  has  discussed  extensively  possible  methods  of 
utilizing  the  slate  hitherto  thrown  away.  He  mentions  the  following 
products  in  which  waste  slate  may  he  successtully  used ; 

Inlaid  slate  roofs 
Flagging 
Fence  posts 

Wall  rock,  for  placing  in  the  walls  of  buildings  as  a heat  insulator 
Rubber  filler,  when  pulverized 

Linoleum,  oil  cloth,  and  window  shade  filler  (except  where  these  must  he  white), 
when  pulverized 

Filler  in  plastic  roofing  and  flooring 

Bonded  briquets  for  road  laying 

Filler  in  sheet  surface  mixtures  in  road  asphalting 

Brick  and  tile 

Synthetic  slate 

Filler  in  metal  polish 

Abrasive  soap 

Filler  in  wrapping  paper  and  cardboard 
Foundry  sand  mixtures 
Granules  in  synthetic  roofing 

Several  other  possible  uses,  such  as  inlaid  .slate,  slate  lathing,  and 
slate-surfaced  shingles  have  also  been  suggested.  In  several  places  in 
the  slate  district,  slate  blocks  are  actually  substituted  for  wood  or 
brick  in  the  walls  of  houses.  Tlie  schoolhouse  at  Cliapman,  Northampton 
County,  illustrates  this  use. 

Disposal.  The  matter  of  waste  disposal  has  already  been  touched 
upon  under  quarry  and  shanty  practice.  It  suffices  to  say  that  wa.ste 
accumulates  in  quarry,  shanty,  and  mill.  This  waste  is  disposed  of  as 
follows ; 

1.  Waste  from  quarry  operations  is  dumped  at  the  end  of  an  in- 
cline leading  away  from  the  quarry  or  is  thrown  back  into  those  parts 
of  the  opening  which  have  been  abandoned. 

2.  Waste  from  roofing  slate  making  is  dropped  beside  the  shanties, 
the  trimmer  in  each  shanty  simply  throwing  it  out  through  the  chute 
provided  for  that  jnirpose.  In  modernized  practice  it  is  carried  to 
the  dump  by  car  or  traveling  belt. 

1 Bowles,  Oliver,  op.  cit.,  p.  SI;  Ries,  Heinrich,  Economic  geology,  p.  162,  19;!0;  Merrill. 
G.  P. . Stones  for  btiilding  ami  decoration,  p.  IS),  1910. 

-Op.  cit.,  pp.  82-107. 
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3.  Waste  from  tlie  mill  is  disposed  of  like  that  from  the  (piarry. 

(jenerally  the  dump  on  which  the  larger  blocks  of  Avaste  from  the 
quarry  and  the  mill  are  throAvn  is  in  the  form  of  an  incline,  up  Avhich 
small  cars  bearing  the  material  to  be  discarded  are  either  inished  by 
hand  or  liauled  by  horse  or  cable. 

It  is  esiieeially  important  to  avoid  placing  Avaste  piles  above  slate 
reserves  still  in  the  grouml,  Avhich  might  necessitate  rehandling  the  dis- 
card before  further  (piarrying. 

DESI'KIPJTONS  AND  SPECIFICATIONS  OF  SLATE  PRODUCTS 

ROOFING  SLATE 

The  folloAving  sizes  and  specifications  are  jointly  from  standard  ])rice 
lists  of  the  larger  roofing  slate  distributing  companies  in  Pennsylvania 
and  from  a publication  of  the  Pureau  of  »Standardsh 


Standard  sizes  for  roofing  state 


O' 

Nails 

* 

Nails 

t'O 

£ i 

t'O 

y’ 

c 

’■f.  'T' 

square 

(3-fl). 

’J. 

c 

it 

square 

(3-d). 

o 

L1)k.  oz. 

o 

Lbs.  oz. 

1— t 

-- 

'A 

K 

24 

X 

14 

08 

101/2 

1 

0 

10  s 

: 8 

277 

0% 

2 

12 

24 

X 

12 

115 

101/2 

1 

2 

*14  3i 

: 14 

187 

51/2 

1 

13 

X 

14 

100 

01/2 

1 

3 

14  J 

: 12 

218 

5% 

2 

3 

22 

X 

12 

120 

01/, 

1 

4 

14  : 

c 10 

201 

5% 

*> 

9 

22 

X 

11 

138 

01/2 

1 

0 

14  2 

: 0 

200 

51/2 

2 

14 

20 

X 

14 

121 

8I/2 

1 

7 

14  3 

t 8 

327 

514 

3 

3 

20 

X 

12 

141 

81/, 

1 

8 

14  : 

t 7 

374 

5% 

3 

11 

20 

X 

11 

154 

81/2 

1 

0 

*12  } 

£ 12 

200 

41/2 

2 

0 

20 

X 

10 

100 

81/, 

1 

11 

12  3 

c 10 

320 

41/2 

3 

■, 

18 

X 

12 

100 

71/0 

1 

0 

12  3 

£ 0 

350 

41/2 

3 

8 

is 

X 

11 

175 

71/, 

1 

11 

12  ; 

£ 8 

400 

4% 

3 

15 

18 

X 

10 

1!»2 

71/2 

1 

14 

12  3 

£ 7 

457 

41/2 

4 

8 

18 

X 

0 

213 

71/, 

•> 

1 

12  3 

£ 0 

533 

41/2 

5 

4 

10 

X 

12 

185 

ov. 

\ 

13 

10  3 

£ 8 

515 

31/2 

0 

5 

10 

X 

10 

221 

OV, 

*> 

3 

10  3 

£ 7 

588 

31/2 

0 

5 

10 

X 

0 

240 

01/2 

‘) 

7 

10  3 

£ 0 

080 

31/2 

(i 

5 

* Not  ottioially  reeonimeuded. 

Exjiosure  when  laid  and  spacing  of  latli. 


For  Hat  roofs  standard  dimensions  are  3/16  in  thickness,  Avith  the 
following  face  dimensions,  in  inches; 


6 X 6 10  X 6 12  X 6 

6x8  10x7  12x7 

6x9  10  X 8 12  X 8 


Slate  for  roofing  is  sold  by  a unit  called  the  square, — the  slate  neces- 
sary to  cover  100  square  feet  Avitli  a 3-inch  overlap.  The  standard 
thickne.ss  is  3/16  inch.  Thicker  slates  are  siiiiplied  on  demand,  the  usual 
tliickness  being  /4  amf  % inches.  The  Aveight  per  square  is  hetween 
625  and  725  pounds. 

The  surface  of  a roofing  slate  parallels  the  cleavage.  In  some  quar- 

1 Rooting  slate:  U.  S.  Bur.  Standard.?  Siinidified  Practice  Recommendation  R 14-28,  p. 
1,  1928. 
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ries  eleavag'e  is  locally  curved;  this  results  iu  curved  slates,  which  cau 
he  used  if  carefully  laid,  lu  imitatiuo'  old  structures,  architects  occa- 
sionally demand  such  curved  cleava»’e,  hut  for  ordiuaiy  use  it  is  less 
desirable  than  jierfectly  plane  cleavage. 

The  following  specifications  are  to  be  looked  for  undei'  the  trade 
terms  when  i-ooting  slates  from  the  Lehigh-Xorthamidon  district  are 
])urchased : 

Xo.  1 Clear:  Tolerably  uniform  as  to  surface;  thickness  about 
3/16  inch;  straight,  with  clean  corners;  entirely  free  of  ribbons. 

Semi-Clear:  Same  as  “Xh).  1 Clear,”  but  may  have  ribbons 
which  iu  this  case  lie  above  the  nail  holes  and  hence  ai'e  hidden 
by  the  overlap. 

Xo.  1 Ribbon  : Similar  in  (|uality  and  a|)i')earance  on  the  roof 
to  “Clear”  and  “Semi-clear”  grades,  the  only  difference  being 
that  some  of  the  ribbons  come  below  the  nail  holes. 

In  addition  most  (piarries  supply  a lower  grade,  called  largely  “Xo. 
2 Ribbon,”  Avhich  shows  ribbons  below  the  nail  holes  and  belo\v  the 
overlap;  Avheu  such  slate  is  laid  on  a roof  the  ribbons  may  be  visible; 
hence  it  is  more  commonly  iised  for  rooting  barns  and  sheds.  “Xo.  2 
Clear”  slate  is  such  as  has  been  culled  from  “Xo.  1 Clear”  because  of 
curved  cleavage,  chipped  corners,  or  thickness  in  excess  of  the  stand- 
ard 3/16  inch. 

In  the  “hard”  belt  of  the  Lehigh-Xmrthampton  district  no  ribbon- 
less slates  are  ])roduced,  but  the  ribbons  are  generally  iiot  conspicnons 
after  apjireeiable  weathering.  These  slates  are  classed  as  X’^o.  1 and  X"o. 
2 on  the  basis  of  the  smoothness  of  the  surface;  highly  siliceous  ribbons 
generally  warp  such  a surface  slightly  and  make  a Xo.  2 slate. 

In  the  Peach  Bottom  district  only  clear  stock  is  made. 

Architects  are  calling  for  rough  slates,  broken  slates,  slates  of  <>xcei)- 
tional  thickness,  and  slates  made  from  the  “hard  rolls”  (sandy  ]ior- 
tions)  of  beds,  but  these  special  orders  have  not  been  standardized. 

ELECTRICAL  SLATE 

The  following  is  a digest  of  the  specifications  suggested  liy  the  lai'ghst 
electrical  slate  producer  in  the  State: 

1.  The  slate  should  l)e  clear  stock,  uniform  in  color  free  from  veins,  sixits,  .•iml 
cracks;  si)ecific  gravit.v  ahont  2.8.  Absorption  of  water  by  weight  in  24  hours  sl'ionld 
not  exceed  0..S  per  cent.  Tensile  strength  .“I-bOO  lbs.  per  scpiare  inch.  Modulus  of 
elasticity  S.OOO.OOO  lbs.  per  Sfinare  inch.  Toughness  12  (method  advocated  liv  the 
American  Society  for  Testing  Materials).  Coefficient  of  expansion  0,0(I0002°('. 
or  equivalent.  Heat  la'sistance  to  withstand  200°  C.  without  cracking. 

2.  Slate  should  not  be  used  for  electrical  ]inrposes  until  three  months  after 
quarrying. 

3.  Faces  and  edges  of  jianels  must  be  true  surfaces,  accurately  cut  to  diunm- 
sions  and  varying  not  over  1/16  inch.  Ad.ioining  edges  shall  not  deviate  from  .a  right 
angle  by  more  tban  1/32  inch.  Revels  shall  bo  cut  true  entirely  around  ]ianels; 
they  shall  be  measured  by  the  pro.iected  width  and  depth.  Back  of  panels  sli.all 
be  free  from  lumps  or  depressions,  but  need  not  be  trued. 

4.  All  slate  shall  be  electrically  tested  prior  to  shipment  with  one  of  sever.-il 
specified  devices,  and  impedence  leakage  actually  measured 

5.  Holes  drilled  in  the  slate  for  securing  or  fastening  it  shall  be  l.')-2U  tier 
cent  larger  in  diameter  tban  the  screws,  bolts,  and  other  aiipliances  used,  ('om- 
pressible  washers  shall  be  used  between  the  slate  and  the  framework. 

6.  Large  slabs  four  S(iuare  feet  or  over  in  area  shall  be  so  sui)))orted  (hat  tlie 
fastening  screws  or  other  appliances  shall  not  bear  tbe  weight  of  the  slate:  large 
switchboard  assemblies  shall  rest  on  a substaTitial  iron  base,  preferably  cushioned. 
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Special  devices  for  testing'  the  impedence  and  ohmic  resistance  of 
slate  have  been  prepared  by  Mr.  Robert  Notvest,  acting  for  the  Struc- 
tural Slate  Company. 

Slate  to  be  used  for  electrical  purposes  must  be  free  of  “ribbons” 
and  of  larger  ([uantities  of  magnetite  and  pyrite  (as  in  veinlets),  and 
it  should  be  dried  of  its  quarry  water.  There  appears  to  be  no  objec- 
tion to  silica  in  electrical  slate  when  it  is  uniformly  distributed  and 
not  localized  in  veins  or  beds. 

STRUCTURAL  AND  SANITARY  SLATE 

For  structural  and  sanitary  use,  slate  should  be  soft,  evenly  grained, 
and  preferably  not  too  heavily  ribboned.  The  .slate  is  taken  out  of  the 
factory  in  four  finishes, — sand  rubbed,  honed,  and,  when  polished,  in 
“black  enamel”  and  “white  enamel”  fiiiLshes.  It  may  also  be  marble- 
ized  by  a special  process.  Less  finished  and  less  expen.sive  surfaces  are 
the  following,  which  can  generally  be  supplied  on  demand: 

Sawed  edges:  This  surface  consists  of  concentric  groovings,  as  left 
by  the  hack-saw ; such  surfaces  may  be  used  in  copings  and  nosings, — 
generally  outdoor  finishes. 

Splif-face  .surface : This  is  rough  to  api)earance  and  touch ; it  is  the 
finish  leff  on  roofing  slafe.  It  is  in  demand  for  outside  fiagging,  steps, 
and  walks. 

Planed  surface:  This  is  smoother  than  the  split-face  surface,  having 
no  minor  roughnesses  that  can  be  felt,  but  the  parallel  marks  of  the 
planing  knife  can  be  seen  faintly. 

It  should  here  be  stated  that  although  clear  stock  may  be  used  for 
structural  purposes,  ribboned  slate  is  said  to  be  equally  satisfactory  in 
its  weathering  qualities  and  is  more  readily  obtainable.  In  the  Lehigh- 
Xorthampton  di.strict  it  is  less  costly  as  approximately  80  per  cent  of 
the  slate  from  ((uarries  bears  ribbons. 

As  among  the  structural  and  sanitary  uses  to  which  slate  may  be 
converted,  the  following  may  be  mentioned:  toilet  appliances,  shower 
.stalls,  sinks,  tubs,  vats,  shelving,  copings,  hearths,  stairs,  tables  and 
lifbograi)hic  stone. 

GRAVE  VAULTS  AND  BILLIARD  TABLE  TOPS 

For  grave  vaults,  the  specifications  and  trade  practice  in  the  soft 
belt  are  similar  to  those  a])])lied  to  structural  and  sanitary  slate.  In 
the  hard  belt  the  finish  is  like  that  described  inider  “Split-face  surface” 
(see  “Structural  and  Sanitary  Slate”  above),  as  no  milling  is  given  the 
hard  belt  structural  slate. 

The  qualifications  for  billiard  table  tops  are  simply  that  the  slate  be 
obtained  in  large  slal)S  free  from  joints  and  veins,  that  it  be  soft,  and 
able  to  take  a smooth  polish. 

SCHOOL  SLATES 

For  school  slate  use,  slate  should  be  dark  and  free  from  knots  and 
ribbons.  These  slates  occur  commonly  in  smaller  beds.  The  beds  in 
the  soft  belt  of  sections  of  Northampton  County  are  generally  less  well 
adapted  to  this  type  of  product  than  those  at  Slatington.  However,  at 
least  one  quarry  at  Pangor  yields  appreciable  (juantities  of  school  slate. 
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BLACKBOARDS  AND  BULLETIN  BOARDS 

Slate  for  blackboards  and  bulletin  boards  sbould  be  free  from  rib- 
bons, of  fairly  dark  gray  color,  soft,  higbly  fissile,  and  ])referably  Avitli 
plane  cleavage.  If  tbe  cleavage  is  gently  curved,  ■\vhicli  is  not  infre- 
quently the  case,  the  boards  may  be  “sprung”  into  position  because  of 
the  elasticity  of  tbe  slate,  and  are  then  as  satisfactory  as  though  the 
cleavage  were  wholly  plane.  The  sizes  of  blacklioards  vary,  but  stand- 
ard sizes  are  3 feet,  3 feet  6 inches,  and  4 feet  in  width  and  4 feet  6 
inches  or  le.ss  long,  with  thicknesses  of  i/4  inch  to  % inch. 

CRUSHED  SLATE 

Slate  granules,  with  pulverized  slate  and  similar  ground  products, 
depend  for  specifications  wholly  on  tlie  use  to  which  they  are  to  be  put. 

PRODUCTION 

From  Pennsylvania  quarries  and  mills  all  varieties  of  slate  products 
except  slate  pencils  are  obtained.  The  list  includes  roofing  slate,  mill 
stock,  marbleized  slate,  slate  granules,  and  pulverized  slate.  “IMill 
stock”  is  a comprehensive  term  covering  rough  or  finished  slate  that 
is  used  for  structural  ])urposes  or  in  interior  furnishings  of  buildings. 
It  includes  slate  for  structural  and  sanitary  jnirposes  (e.  g.,  sinks,  man- 
tels, dripboards,  shower  stalls,  toilet  stalls,  stair  risers,  insulating  wall 
boards,  and  the  like),  grave  vaults  and  covers,  billiard  table  tops,  elec- 
trical insulation  and  switchboard  material  (together  classed  as  •'electri- 
cal slate”),  blackboards  and  bulletin  boards  (lumped  together  under 
the  trade  term  of  blackboards),  school  slates,  marbleized  slate,  crushed 
slate,  and  ground  slate.  Among  the  districts  where  slate  is  now  being 
quarried  the  “soft”  slate  of  the  Lehigh-Xorthampton  district  yields  all 
of  these  products;  the  Peach  Bottom  district  and  the  “hard”  belt  in 
the  Lehigh-Xorthampton  district  furnish  today  only  cru.shed  slate, 
roofing  slate,  and  slate  for  such  structural  and  sanitary  uses  as  will 
require  no  finishing,  although  finished  structural  slate  and  even  black- 
boards were  once  prepared  with  the  aid  of  diamond  saws  at  the  Chap- 
man quarry  in  the  “hard”  belt.  The  great  proportion  of  the  slate  pro- 
duction of  the  State  is  in  the  form  of  roofing  slate. 

The  statistics  and  curves  below  give  figures  obtained  from  the  U.  S. 
Geological  Survey  and  the  U.  S.  Bureau  of  Mines'. 

They  represent  the  quantity  or  values  sold  in  the  year  stated,  and  so 
do  not  give  the  actual  production,  which  may  be  more  or  less,  according 
to  whether  the  producer  is  overstocked  at  the  end  of  the  year  or  draws 
on  supplies  of  the  preceding  year  for  sales.  Values  quoted  are  f.  o.  b. 
at  point  of  shipment. 

Before  considering  the  figures  for  Pennsylvania,  taken  by  itself, 
attention  may  be  directed  to  several  general  features  in  the  slate  pro- 
duction of  the  Luiited  States  as  a whole.  The  curve  (Figure  34)  brings 
out  certain  features.  I''''ii‘st,  estimates  indicate  that  virtually  the  entire 
value  of  slate  production  prior  to  1888  is  represented  by  the  value  of 
roofing  slate ; in  later  years,  however,  the  relative  importance  of  roofing 


^ Mineral  Resources  of  the  United  States:  U.  S.  Geol.  Survey,  prior  to  1924.  Mineral  Re- 
sources of  the  United  States:  U.  S.  Bur.  Mines,  1924-1930. 


Value  in  dollars;  quantity  in  squares. 
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1885  1890  1895  1900  1905  1910  1915  1920  1925  1930 

Fig.  34.  Value  of  slate  pi'oduction  in  the  United  States,  by  classes. 
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slate  declined  and  that  of  other  slate  products  increased.  The  rise  in 
the  value  of  millstock  is  especiallr  noteworthy  between  1915  and  1928. 

It  is  also  noteworthy  that,  althongli  the  anionnt  of  rooting-  slate 
reached  its  peak  in  1902,  the  valne  of  roofing  slate,  though  suffering  tem- 
porary set-backs,  has  maintained  an  average  level  not  far  below  this 
peak.  In  other  words,  the  price  has  risen  to  some  extent  to  balance  the 
decline  in  volume  of  production. 

The  decline  of  roofing  slate,  which  set  in  in  1903,  probably  rei)resents 
competition  from  other  roofing  materials.  Since  1922  the  annual  sales 
have  remained  almost  constant  and  it  is  at  least  probable  that  they  will 
continue  so  when  taken  over  long  time  periods. 

rennsylvania  production.  Pennsylvania  leads  all  other  States  in  slate 
production.  Between  1913  and  1929,  inclusive,  the  valne  of  slate  pro- 
diiced  amounted  to  $70,177,163  as  against  $146,905,919  for  the  country 
as  a Avhole, — or  approximately  47  per  cent. 

Pennsylvania  leads  all  other  states  in  the  production  of  all  kinds  of 
products  except  electrical  slate  and  slate  pencils.  A comparison  of  the 
value  of  slate  produced  in  Pennsylvania  is  given  in  Figure  35.  In  the 


Fig.  3.>.  Value  of  slate  i)ro(liietioii  in  Pennsylvania, — the  state  aiul 

the  individual  districts. 


data  Lehigh  and  Xorthampton  Counties  are  seiiarated.  Figures  from 
the  Peach  Bottom  district  are  separated  until  1917 ; thereafter  they  are 
lumped  with  all  of  the  granules  and  jntlverized  slate  from  other  itarts 
of  the  State. 

Hoofing  slate.  In  recent  years  Pennsylvania  ((uarries  have  produced 
annually  about  49  per  cent  of  the  .slate  quarried  in  the  Fnited  States, 
and  Xorthampton  County  accounts  for  about  38  per  cent.  In  very  re- 
cent years  there  has  been  no  production  from  that  part  of  the  Peach 
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of  roofing  slate,  1913-1931. 
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Some  production  but  not  separately  published.  i Includes  some  production  from  Peach  Bottom  district. 
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Fig.  36.  Value  of  roofing  slate  production  in  the  I'nited  States,  I’enn- 
■sylvania,  and  I'ennsylvania  districts. 

Ilottom  district  that  is  in  Peiin.sylvania.  Figure  36  illustrates  this  I'c- 
lationship  graiiliically.  Tlie  talile  given  on  jiage  112  .sliows  the  ]tro- 
duction  of  roofing  .slate  in  the  tliree  leading  regions,  in  tlie  State  as  a 
whole,  and  in  the  United  .States. 

MiUstocl-.  As  coimnoidy  used,  this  term  denotes  all  milled  slate,  in- 
cluding electrical  and  .school  slate,  backboards  and  bulletin  boards.  In 
this  section  and  the  ajiiiended  table,  however,  it  is  restricted  to  strnc- 
tural  and  sanitary  slate,  grave  vaults  and  covers,  as  separate  sections 
are  devoted  to  each  of  the  other  types  of  millstock  mentioned. 

In  normal  years  Pennsylvania  furnishes  a])iu-oximately  DO  jier  cent 
of  the  total  American  production  of  millstock,  both  in  value  and  in 
quantity.  Xorthanqiton  County  (piarries  yield  about  88  per  cent  of 
that  total.  Some  idea  of  the  relative  importance  of  Pennsylvania  is 
obtained  from  Table  2,  which  presents  eonijiarative  data  for  Lehigli 
and  Northampton  (’ounties. 

Blackhoard  and  bnUef}n  hoard  slate.  Pennsylvania  is  the  oidy  State 
commonly  producing  blackboard  slate,  although  very  small  amounts 
have  come  from  other  localities  in  certain  years.  The  yield  is  entirely 
from  the  Lehigh-Northampton  district,  the  ratio  of  the  production  of 
Lehigh  and  Northampton  counties  being  ap])i'oxiniately  1 in  later 
years.  All  of  the  production  comes  from  the  neighborhood  of  Pangor,  of 
Pen  Argyl  and  AVind  (la]),  or  of  Slatington,  Peihinsville,  and  Slatedale. 
.Since  much  of  the  latter  district  is  in  Northamjiton  C'onnty,  the  pro- 
duction ratio  of  the  easteim  to  the  western  part  of  the  Lehigh-North- 
ampton district  is  slightly  lower  than  indicated  for  Lehigh  and  North- 
ampton counties.  In  the  pa.st  small  amounts  have  also  been  ju’oduced 
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TABLE  2. 

Value  in  dollars  of  structural  slate  produced  in 
Pennsylvania,  in  1917-1931. 


Tear 

United  States 

Pennsylvania 

Korthampton 

County 

Lehigh  County 

1917  

1,277,219’ 

710,0921 

605,0721 

45,0201 

1918  

1,498,1641 

686,999 

071,481 

15,518 

1919  

708,640 

676,301 

654,631 

21,670* 

1920  

1,047,011 

1,005,400 

992,230 

13,170 

1921  

764,499 

720,462 

702,312 

18,150 

1922  

838,416 

761,935 

741,993 

19,942 

1923  

1,005,974 

885,809 

858,723 

27,086 

1924  

1,094,1.31 

996,460 

977,868 

18,592 

1923  

987,601 

896,087 

865,651 

30,436 

1926  

1,119,403 

997,108 

974,936 

22,172* 

1927  

1,085,524 

923,888 

882,450 

41,432 

1928  

1,171,654 

999,766 

968,431 

31,335 

1929  

1,420,181 

1,135,695 

1,101,474 

34,221 

1930  — 

1,045,237 

822,391 

809,070 

13,321 

1931  

715,529 

550,005 

526,820 

23,179 

* TncUides  a small  production  from  Lancaster  Co. 
1 Includes  some  electrical  slate. 


in  tile  “liard”  lielt  of  this  district,  Init  the  demand  for  this  has  greatly 
declined.  The  table  below  gives  the  figures  for  each  cotmty  and  for 
the  State  as  a whole. 

TABLE  3. 

Production  of  hlackhoards  and  bulletin  boards,  1913-1931. 


Year 

Square  feet 

Value,  dollars 

Pennsvl- 

Northampton 

Lehigh 

Pennsyl- 

Northampton 

Lehigh 

vania 

County 

County 

vania 

County 

County 

1913  

3,. 504, 162 

2,10fi,315 

1,395,847 

426,703 

279,584 

147,119 

1014  

4,021,047 

2, .309, 844 

1,711  2031 

526,846 

330,001 

196,845 

1015  

3,1.52,771 

2, 247,, 575 

905,196 

349,959 

271,715 

78,244 

1010  

3,182,159 

2,476,113 

706,046 

403,502 

327,355 

76,147 

1917  

2,0.50, .563 

1,976,265 

674,298 

413,163 

332,385 

80,778 

1918  

1,592.849 

1,2.94,1,59 

298,690 

262,221 

222,244 

39,977 

1919  

1,. 845, 687 

1,622,221 

223,400 

304,251 

259,319 

44,932 

1020  

2,251,646 

1,880,249 

321,402 

384,131 

371,397 

62,669 

1921  

3,1.54,201 

2,549,458 

604,743 

791,241 

681,625 

109,616 

1023  

3,1.58,218 

2,999,782 

518,4.36 

784,942 

95,654 

1923  

4,415.580 

3,872,213 

543,367 

1 ,186,326 

1,079,443 

106,883 

1924  

4,064,520 

3,4,39,830 

624,690 

1,149,810 

1,023,203 

126,608 

1925  

5,0S.3„330 

4,337,440 

745,890 

1,689,336- 

1,503,490 

185,846 

1926  

3,998,053 

3,229,762 

768,891 

1,3,56,300' 

1,202,221 

154,079 

1927  

3,7.35,870 

2,909,380 

736,490 

1,116,598 

954,260 

162,338 

1038  

.,713..S40 

2,793,970 

919,870 

1,079,452 

884,479 

194,973 

1029  

3,. 502,. 300 

2,6.37,240 

925,120 

1,042,771 

849,708 

193,063 

19.30  

3,092,880 

2,401,970 

690,910 

921,7.35 

788,977 

132,758 

1931  

2,3,57,070 

1,674,700 

682,370 

640,593 

506,053 

134,540 

Electrical  slate.  Vermont,  Maine,  and  Pennsylvania  are  the  chief 
producers  of  electrical  slate.  In  this  held  Pennsylvania  takes  third 
place  and  Vermont  has  generally  been  the  leader.  The  following  table 
compares  the  production  of  electrical  slate  of  these  three  States  and 
of  tile  United  States  as  a whole.  (Table  4,  page  115). 

School  slate.  This  comes  from  certain  very  dark  beds  Avhich  have  a 
limited  distribution.  Pennsylvania  is  the  only  state  in  which  it  is 
quarried.  The  district  to  which  production  is  credited  depends  upon  the 
location  of  the  school  slate  factory  at  which  the  slate  is  hnished.  This 
accounts  for  huctuations  in  the  reported  production  of  the  two  coun- 
ties as  listed  below.  At  present  all  of  the  school  slate  factories  are  west 
of  Lehigh  River,  in  Lehigh  Cbunty,  near  Slatington. 
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TAIiLE  4. 

Value  of  electrical  slate  production  in  dollars,  1918-1D31. 


Year 


1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 


1 Slates 

VcriiKiiit 

Alaiiie 

I’emi.sylviiiiia 

$771,003 

$330,004 

$200,059' 

$171,880 

007,700 

257 ,075 

234,888 

114,033 

1,491,769 

053,351 

396,692 

441,726 

927,951 

353,133 

3oS , o4 1 

216,271 

996,322 

403,453 

361,595 

231,274 

1,754,717 

700,140 

737,010  j 

453,070 

1,518,092 

500,520 

5j?5,004 

366,562 

1,376,948 

1 

340,513 

1,537,034 

* 

327,447 

1.155.502 

-*• 

* 

228,550 

1,025,380 

* 

211,588 

1.153.396 

* 

* 

219,761 

711,578 

* 

* 

99,577 

333,082 

* 

* 

44,420 

* Figures  not  available. 


TABLE  5. 


Value  in  dollars  of  school  stale  produced 
in  the  United  States,  1!)  13-1931. 


Year 

Uniteil 

States 

Xorthanipton 

County 

Lehigh 

County 

1913  

$51,313 

$16,984 

$34,329 

1014  — 

35,205 

20,897 

1915  _ 

25,801 

1910  --  

19,000 

1917  - - 

4S,S-'S 

20,816 

10,063 

22,643 

28,012 

1918  _ _ 

17,010 

1919  

31,992 

1920  . ... 

82,9S9 

20,240 

62,749 

1921  

50,170 

1.3,579 

42,591 

1922  ..  - - 

42,0*’7 

11,922 

30,105 

1923  - ..  

31,102 

10,0S0 

21,010 

1924  

27,348 

3,040 

1,254 

2:5,702 

1925  - 

34,504 

1926  . - 

32,8$0 

32,521 

1927  

19,998 

741 

19,257 

1928  

1929  _ 

22,591 

20,371 

None 

22,591 

20,371 

19,2.30 

1930  

19,230 

1931  _ 

161237 

Xone 

16',237 

Minor  products.  Of  lesser  products  there  are  several  that  deserve 
iiieiition.  The  anuiial  production  of  billiard  table  tops  in  the  United 
States  averages  .'|575,00(),  of  ivhich  approximately  75  per  cent  comes 
from  Pennsylvania  in  the  average  year.  In  Pennsylvania  one  company 
is  maunfactnring  marbleized  slate. 

Several  grinding  plants  for  making  ])owdered  slate  and  grannies  have 
been  established  both  in  the  Peach  Bottom  and  Lehigh-Xorthampton 
districts,  the  value  of  their  products  in  recent  years  averaging  about 
$325,000  annually.  In  1029  and  1930  the  product  has  been  chielly  lilne- 
gray  slate;  at  intervals,  however,  plants  also  operated  in  the  red  clay- 
slates  of  Berks  County. 

Remarks.  For  the  notable  increase  in  slate  production  and  con- 
snmption  in  the  United  States  during  recent  yeai's,  credit  slionld  be 
given  at  least  in  jmrt  to  the  recent  organizations  of  slate  ])rod7Tcers. 
There  are  at  least  three  such  organizations, — the  Structural  Slate 
Company,  the  A'endor  Slate  Comitany,  and  the  Xatnral  Slate  Black- 
board Company,  which  Avith  the  National  Slate  Association  and  the 
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Committee  mi  Slate  of  the  American  Societj-'  for  Testing  Materials, 
have  helped  standardize  and  advertise  slate  products.  This  work 
is  of  the  highest  value  to  producer  and  consumer  alike. 

ADAMS  COUNTY 

General  (lescriplio)i.  The  geology  and  mineral  deposits  of  Adams 
County  have  recently  been  described  by  Stose,  who  mentions  the 
occurrence  of  slate  in  several  localities.'  These  w-ere  visited  and 
restudied  by  the  writer  with  s])eeial  attention  to  the  jiossihility  of 
develojung  ipiarries,  and  a brief  descrijition  follows.  None  is  of 
economic  jiromise  at  jiresent. 

The  region  in  Avhich  the  slates  are  found  is  a gently  mountainous 
country  with  a maximum  relief  of  about  500  feet,  and  eliietly  timbered 
or  only  under  poor  cultivation.  The  slates  occur  among  higldy  altered 
volcanic  rocks  of  pre-Cambrian  age  and  in  beds  in  the  superjacent 
(piartzites,  conglomerates  and  slates  of  the  Cambrian.  Still  higher 
in  the  sequence  are  Paleozoic  limestones  and  Triassic  sediments  and 
volcanics,  but  no  slate  is  found  in  these  higher  formations. 

Mount  Hope  localMy.  Half  a mile  east  of  IMount  Hope  on  the 
h'airfield  sheet  of  the  Toi)ogra]ihic  Atlas  of  the  United  States  Geological 
Survey,  between  the  highway  and  one  of  the  headwaters  of  Middle 
Creek  is  a tunnel  trending  N.85°\V.  and  75  feet  long.  This  W'as 
opened  to  prosiiect  for  “slate”  in  a highly  com|)ressed  and  schistose 
fragmental  volcanic  rock  best  described  as  a tuff.  The  rock  shows 
cleavage  having  a remarkably  uniform  strike  and  dip  (strike  N.50°E., 
dip  85°S.),  but  it  is  soft  and  upon  weathering  changes  to  a chalky 
or  talcose,  massive  rock  which  could  not  be  used  in  large  slabs  on 
account  of  its  softness,  low  tensile  strength,  and  imperfect  cleavage. 
In  color  it  is  olive  gray  to  olive  green,  approximately  25^d  or  35M 
of  the  color  chart  of  the  National  Research  Council,  but  some  pieces 
upon  weathering  assume  a slightly  iiinkish  toiie,  evidently  through 
oxidation  of  iron.  The  luster  is  high,  suggesting'  that  of  massive  talc. 
Under  the  microscojje  the  dominant  minerals  are  seen  to  he  quartz 
and  muscovite,  with  some  chlorite  and  rare  large  grains  siiggestive  of 
zircon;  much  limonite  is  also  visible.  In  thin  section  the  cleavage 
})roves  to  be  poorly  developed  and  irregular. 

This  rock  is  not  a true  slate  but  rather  a schist;  it  might  find 
utilization  in  the  crushed  form  as  I'ooting  granules,  but  the  irregular 
cleavage,  the  tendency  to  soften  on  weathering,  and  the  marked 
rusting'  all  make  it  unsuited  for  use  in  large  slabs  in  roofing. 

Mountain  Creek  locality.  Several  small  prospect  ])its  have  been 
0])ened  in  Cambi'ian  rocks  al)ouf  six  miles  northwest  of  Bridgeport  on 
the  road  from  Gettysburg  to  Shi])pensburg.  Other  ])its  and  a small 
outcrop  also  in  the  ('ambrian,  are  seen  in  the  same  region  but  half 
a mile  east  of  the  highway,  in  the  valley  of  Mountain  Creek.  These 
openings  wei'e  evidently  not  worked  wdth  success.  Prospecting  must 
have  antedated  the  beginning  of  the  current  century.  Some  of  the 
rock  is  a .slaty  conglomerate,  hut  other  beds  are  true  slate,  verging 
on  schist,  and  jiossess  fair  slaty  cleavage,  though  the  latter  is  gen- 

1 Stose,  G.  W.,  Mineral  resources  of  Adams  County,  Pa.:  Pa.  Geol.  Survel,  Bull. 
C-1,  Pt.  II,  pp.  34-36,  1923;  C-1,  pp.  124-126,  1932. 
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erally  too  irrog-ulai-  to  make  a good  slate.  r’ui’])]isli  gray  eolors  pi'e- 
dominate.  with  oeeasioiial  greenish  hlotelies. 

In  this  region  the  rock  showing  the  best  ed'a^-age  was  found  in  a 
small  pit  just  west  of  the  main  (Tettysbui'g-Shipi)ensliurg  highway. 
Jt  is  an  outero])  of  slaty  Cambrian  i)hyllite  of  a dark  gray  eolor  with 
a faintly  greenish  or  dee])  purplish  tone:  it  is  near  15‘o  or  in 

shade.  The  e-leavage  is  fair,  taken  in  the  large,  but  slightly  ii-regular 
and  wavy  in  detail.  Texture  is  iiniformly  hne-gi'aimHl.  The  ehi'd' 
constituents  are  muscovite,  greenish  rhloidte,  secondary  (piai’t/,  and 
magnetite, — the  latter  largely  altered  to  limonite;  the  two  iron  oxidi'S 
together  make  uj)  nearly  ;10  ])er  cent  of  the  rock.  There  is  also  some 
primary  (quartz,  u.sualiy  in  ])oorly  ronnded  grains  bt'aring  tiny  in- 
clusions, but  the  dominant  sediment  oidginally  making  up  this  rock 
would  seem  to  have  been  clay.  The  im])erfect  cleavage  and  lack  of 
uniform  texture  ])reclude  the  use  of  this  I'ock  for  most  ]>urposes  for 
which  the  better  grades  of  slate  are  ordinarily  in  demand. 

Woilsville  localitji.  A (piarry.  on  the  south  slope  of  Piiiey  Moun- 
tain, halfway  between  Ifoyd  Scliool  and  Wenksville  and  just  north 
of  the  road  connecting  these  two  ])laces,  was  formerly  worked  for 
slate.  These  beds  are  of  Cand)i'ian  age.  The  cut,  which  is  about  12()0 
feet  long,  exposes  ap])roximately  hd  feet  of  slate  below,  and  some  ’id 
feet  of  white,  (iiuu'tzitic  slate,  weathering  to  a light  gray,  above*.  The 
bedding  appears  to  strike  X.dd°E.  with  a dip  of  -ld°  oi*  moi-e  Xh,  the 
cleavage  striking  parallel  hut  dip])ing  -td®  S. ; the  structure  is  iidierred 
to  be  the  upper  limb  of  a northward-overturned  anticline.  In  detail 
there  are  many  small,  close  folds;  several  faults  having  displacements 
up  to  6 inches  are  beautifidly  disi)layed  in  the  more  closely  landnated 
strata  (see  Figures  37.  38). 


Fig.  37.  Fanils  in  l)aii(l(‘<1  j>rav  slate,  Wenksville  locality,  .Adams 

County. 

At  this  locality  it  was  the  lower,  less  (juartzitic  layers,  ^\■hich  were 
formerly  worked  for  slate.  They  consist  of  ])inkish-gray,  violet-gr;iy. 
01  light  blue-gray  beds  of  clay  slate,  not  sufficiently  metamoriihosed 
to  have  wholly  lost  the  kaolin-like  odor  characteristic  of  shale.  On 
the  Xational  llesearch  Oouncil’s  color  chart  the  corresponding  coloi'S 
are  ap2)roximately  I'd,  l‘d,  or  21^c,  dejiending  on  whetht*r  tin*  lilac, 
])iuk,  or  blue  gray  shade  is  referred  to.  Thin  laminae  of  lighter 
values  of  the  same  colors  appear  as  narrow  bands  genera llv  a six- 
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teeiitli  of  ail  ineli,  but  oeeasionally  up  to  half  an  iiieli  in  thickness; 
these  are  more  proinineiit  in  the  liiglier  lieds.  The  slate  in  some  places 
breaks  ])aral]el  to  these  laminations,  but  as  a rule  the  cleavage,  though 
not  absolutely  plane  in  detail,  is  regular  and  cuts  cleanly  across  the 
bedding;  it  is  only  seldom  deflected  where  it  crosses  beds  of  changing 
composition.  Upon  weathering  the  slate  sejiarates  along  the  cleavage 
])lanes  and  finally  breaks  down  into  a talcose  ]iowder ; little  or  no 
rusting  or  lileachiug'  marks  the  jirogress  of  weathering  along  joints  or 
seams,  however. 

Under  the  microscope,  as  at  the  outcrop,  this  rock  is  seen  to  be  of 
two  wholly  different  kinds.  One  re]iresents  the  n])per,  more  qnartzitic 
member, — essentially  a fissile  clay-slafe,  somewhaf  coarse-grained  for 
a true  slate;  this  generally  shows  very  thin  kaolin  bands  that  are 
faiiilly  stained  with  limouite  and  that  altcumate  with  broader  laminae 
consisting  of  muscovite  and  occasional  quartz  grains.  Strangely 
enough,  the  rock  breaks  best  ]mrallel  to  the  banding,  yet  the  mica 
flake.s  are  elongated  e.ssentially  at  right  angles  to  the  bands,  though 
the  individual  crystals  are  considerably  bent  and  crumpled. 

The  second  kind  of  rock  I'eju'esented  at  this  locality  is  the  lower, 
more  truly  slaty  member.  This  consists  of  hue  needles  of  white  mica, 
genei'ally  well  oruented,  with  occasional  snbangnlar  i)ieces  of  quartz, 
usually  less  than  0.10  mm.  in  diameter.  There  are  also  irregular 
liai'ticles  of  magnetite,  of  which  a few  grains  exceed  0.15  mm.  in 
diameter  but  the  average  is  much  less,  and  cloudy,  well  disseminated 
areas  of  hematite.  Some  of  the  black  matter  is  pi-obably  graphite. 
The  other  mineral  constituents  are  occasional  irregular  areas  of 
secondary  fpiartz  and  a fmv  small  lenses  of  chlorite.  Individual  strata 
differ  chiefly  in  the  itercentage  of  darker  minerals,  in  the  ratio  of 
coarse-gi'ained  minerals  (especially  quartz)  to  fim'-gi’ained  muscovite, 
and  in  the  amount  of  f('lds])ar,  which,  in  snbangnlai'  grains,  is  fre- 
(piently  an  im])ortant  constitueid.  Soim*  of  the  laminae  approach 
arko.se  in  composition,  with  a corres])onding  lo.ss  of  cleavage. 

The  slate  from  this  locality'  was  once  (piarried  to  line  the  furnace 
of  the  Pine  drove  (Mining  Comjnuiy  at  Pine  Gi’ove  Unrnace,  but  for 

1 Sto.«o,  G.  W.,  op.  oit.,  pp.  .■14-.35,  192.^. 
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this  purpose  the  arkosie  upper  lueiuber  was  pi'eferrtMl.  Souu'  was  also 
used  for  clay  iu  l)riek-niakiu”’  at  the  same  fuiauiee.  It  miyht  pcu'haps 
be  eruslied  for  i-ootiuy  orauules,  l)ut  it  is  luuther  suftieieiitly  eouipaeteil 
noi‘  converted  to  tlu'  ehemicaily  I'esistaut  mica  hy  metaiiioriihism  to 
make  an  ideal  material  foi’  this  puri)ose. 

CARBON  COUNTY  DISTRICT 

LOCATION  OF  THE  DISTRICT 

Althoup'h  it  is  possible  that  usable  slate  occurs  elsewhere  in  Carbon 
County,  there  is  only  one  reyiou  whei'e  it  is  known  to  outci'op  and  to 
have  been  successfully  (piai'ried.  Even  in  this  locality  o])eratious 
have  been  discontinued  for  some  time  and  there  is  no  pi'omise  of 
early  resumiition.  As  a resei-ve,  however,  this  slate  b(dt  mei'its  some 
consideration. 

The  slate-yieldiuo  .section  of  Cai’bon  County  is  a uai-row  aiaai  be- 
o'inninp'  at  Aquashicola.  This  village  is  situated  about  one  and  one- 
half  miles  north  of  the  crest  of  Blue  IMouutain,  and  an  equal  distance 
east  of  Lehio'h  River;  it  is  on  the  eastern  border  of  the  larger  town 
of  Palmerton.  a manufacturing  center.  Cpstream  and  downsti’eam 
there  are  other  towns  of  similar  size,  but  eastwai'd  for  fifteen  miles 
there  are  no  large  communities  and  the  occui)ation  is  farming.  Two 
miles  to  the  south  of  A(piashicola  is  the  northern  edge  of  the  slate  belt 
of  Lehigh  and  Xortham])ton  comities. 

The  section  studied  incliuh's  only  the  immediate  I'egiou  where  usable 
slate  is  known  to  occur,  and  the  bordering  area.  Tlie  base  map  usml 
is  a jiart  of  the  IMauch  Chunk  sheet  of  the  Topographic  Atlas  of  the 
United  States,  aiipropriately  enlarged. 

This  slate  belt  is  readily  accessible  to  the  Lehigh  Valley,  Lehiuh 
A New  England,  and  Central  of  Xew  .Jersey  Railroads,  l)ut  spurs  would 
have  t()  be  built  from  Lehigh  (ia|i  noiTheastward  or  fi-om  the  iqnir 
tracks  iu  Palmerton.  Aii  idea  as  to  track  distribution  can  be  gaiiual 
from  the  topograjihic  base,  which,  though  jirepared  some  years  au'o, 
is  still  nearly  correct. 


PHYSIOGRAPHIC  FEATURES 

To  the  south  of  and  jiarallel  to  the  slate  belt  of  ('arbon  ('ouuty 
IS  the  crest  of  Blue  IMountain,  a continuous  ridge  rising  to  about 
1,480  feet  and  extending  northea.stward.  Erom  this  crest  northwest- 
ward the  surface  declines  to  about  420  feet  in  the  wide-bottomed  valley 
oecu})ied  by  Aipiashicola  ('reek;  the  latter  flows  southwestward  jiarallel 
to  the  “grain”  of  the  country.  Farther  northwest  is  a series  of 
elongate  hills  suggesting,  when  the  gajis  betw'een  them  are  ignored, 
a northeast-trending  ridge  with  an  altitude  of  (iOO  to  SoO  f(>et  Still 
farther  northwest  is  another  valley  that  is  occui)i(‘d  by  a nouthwest- 
dowing  stream  and  beyond  this  another  more  or  less  ilisseeted  ridge 
having  an  elevation  of  about  900  feet. 

It  can  be  shown  that  the.se  parallel  noiTlieast-ti'endiug  ridges  and 
valleys  reflect  diffei’euceis  in  resistance  to  erosion  by  i-ocks  having  a 
geueiall\  uorth(‘astei’ly  stiukte  ^\s  might  be  <*.\])ecteil.  flu*  I'idges  are 
underlain  by  ^vell-imlui'ated,  ditficultly  abraded  formations, — chiefly 
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PliATE  2:5. 


A.  lir.'iy  Quan-y  Xo.  1,  near  Aquashicola,  Carbon  ('oiinty  district. 
Smoot li  face  on  farther  side  is  cleavajic  jdane. 


15.  Tyi)ical  sandy  ])hase  of  ni)per  part  of  Hamilton-AIai-cellus 
one  mile  north  of  A<|uashicola. 

fiuart/ites,  saiulstoiK's.  and  c()iioioinei’at('S ; tlie  valleys,  on  tlie  otlier 
hand,  are  detadoped  in  sliale  and  slala*.  and  tli(>  slati'  belt  ber(‘  deseri])ed 
is  eleai'lv  la'Mec'ted  in  tin'  niori*  northerly  of  the  two  valleys  iinnitioned 

rd)OV(“. 
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StrafKjrapliji.  The  roek.s  eoni])()siiig  the  sei|ii(Miee  in  1lio  slate  l)elt 
are  all  of  Devonian  af>e.  Tlie  names,  litholoLiy,  and  relative  thieknesses  of 
the  various  formations  are  graphieally  shown  in  Fioaire  :?!).  The 
formations  in  this  i'e<>'ion  wei'e  disenssed  in  detail  in  several  re])orts  of 
the  »sec'f>nd  Pennsyl\'aida  Survey  and  mori'  reeenth*  were  briefly  de- 
serd)ed  by  Aji'the  and  DynaiT  and  a^'ain  by  i\lillei-v 

1 he  Invest  roek  stndi(*d  is  th(‘  (tidskany  sandstone  of  Lowan'  !)(‘Vonian 
age.'’  This  is  apjiroximately  f.lO  feet  thiek.  It  is  chiefly  a hai-d.  pnre, 
geneiall^^  vhite  <|nartz  sandstone,  with  rounded  (|nartz  ].)ehhles  oi' 
grains;  in  some  jdaees  it  is  sufficiently  indurated  to  he  regarded  as  a 
ccnglomerate,  and  elsevhere  has  sntfei’cd  so  much  disintegi'ation  as  to 
be  virtnally  a sand  which  can  be  dug  out  with  a shovel  ; this  is  used  for 
bnilding  and  for  glass-making. 

Composing  a total  tluckness  of  about  do  feet  above  the  Oidskany 
sandstone  are  thin  beds  of  clay,  limestone,  and  iron  (‘arbonate;  genei‘- 
ally  these  are  not  well  exposed  here,  hut  careful  study  by  IMillei'.  Agthe 
and  Dmiaii,  and  others,  has  shown  that  they  con.sist  of  ap])roxniiately 
4 to  10  feet  of  plastic  clay  of  wddte,  yellow,  red,  or  blue  coloi'S:  this  is 
overlain  hy  2 to  4 feet  of  impni'(‘,  siderite.  bine  when  fresh  and  i-ed 
w.dien  weathered,  which  has  been  mined  for  ii-on  ore  and  pi^anent. 
Above  the  iron  ore  ai'e  about  2.')  feet  of  bliie-gi'ay  shaly  limestone,  locally 
used  as  cement  I'ock.  laken  togethei',  these  beds  seem  to  I'ejiresent  the 
Onondagan  of  Xew  York:  they  are  thus  lower  IMiddle  Devonian  in  age 

Above  the.se  rocks  are  shales  and  slates  and  shaly  sandstones,  the 
linckness  of  Avhich  has  been  variously  estimated  as  lieing  from  8<l()  to 
2.500  feet;  from  rough  measurements  it  a!)|iears  to  b(‘  about  2,000  feet 
in  Pie  slate  belt.^  These  ai-e  the  IMarcellns  and  Hamilton  of  earlier 
writers.  ’ In  this  immediate  vicinity  the  two  formations,  taken  together, 
may  be  broken  nn  into  two  lithologically  diffeiang  units.  The  lower  of 
these  is  dominantly  argillac(“ons  in  charactei".  and  consists  of  blue-gra.v 
slate  which  Av«‘athei's  to  a faintly  brownish  coloi-.  It  is  in  these  beds 
that  the  slate  has  been  (piarried.  ('lea^'age  in  some  localities  is  so  well 
developed  that  evcm  the  fossils  show  corresponding  distortions  (see 
Fig.  41).  Locaby,  esjiecially  in  the  slate  (fnarries,  there  is  a faint 
suggestion  of  banding,  the  s(*pai'at(‘  laminai*  beiny  a p]iroximat(4y  half 
an  inch  thick.  The  njiper  half  of  the  Hai’cellus-llamilton  gi'on|)  is 
moie  sandy,  shows  no  slaty  cleavage,  and  is  a blue-gi'av  to  brownish- 
gray  sandy  .shale. 

A bed  of  fossiHferons  shaly  limestone,  25  feet  thick,  the  coia’clative 
of  the  Tully  of  X'ew  5 ork,  has  fa'cn  described  as  separatiiui'  the  upper 
Aiareellns-IIamilton  from  the  .sn|)erjacent,  le.ss  well  indurated  shales 
and  sandstones  of  the  (-rem'see — Clnminng  grou])."  This  limestone 
IS  not  eximsed  in  the  slate  belt,  the  m>xt  rock  seen  in  jilace  being  Hie 
dark  .shales  of  the  (h>nesee  and  the  shaly.  olivi*  to  buff,  locallv  calca- 
^u^sand.stoiies  of  the  Chemung  gi-onp.  These  together  are  esti- 
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{^rdup 


'I'nlly  linicstom? 


Iliiiiiilloii  .Marcc'iius 

^rroiip 


Oriskaiiy  snndstoiu* 


Dark  slialcs  and  slialy.  olive  to  liiilT 
saiidstono. 


Fossiliforoiis  slialy  limestone. 


r>ino-;;ray  to  brownish  j:ray  sandy 
shale  and  impure  fine-yrained 
sandstone. 


Shah*s  and  flay  slat<‘s.  bliio-^^ray 
wlHMi  fresh.  AveatheriiiK  to  buff 
and  brown  cidors;  slaty  cleavaj^e 
wnll  do  V (doped  locally. 


Sideritic,  (dayey,  and  limey  bods 

Pure  (|uartzoso  sandstone,  soine- 

wliat  conjjlomeratic. 


;i!),  (^>luinuav  section  of  I’ocks  in  (’aibon  i’onnty  slate  district. 


('AUl’.OX  roT’NTY 


^2?, 


Genesee -Chemung-Tully, 
mostly  shaly  sandstone 

Sandy  shale 
Slate  with 
limestone  at  base 


Hamilton- 

Marcellus 


3 Orlskany  sandstone  ^ Dip  and  strike  of  beds 
Dip  and  strike  of  cleavage  ^^2  Slate  quarries 

. Scale 


/2 


2 Miles 


Fij*.  40.  Geologic  map  Caibon  County  slate  disti  ict. 


Fist.  41.  Two  views 
of  a trilobite  (Pha- 
eops  sp.)  from  Car- 
bon County  (listriet, 
distorted  by  the 
compression  which 
develoi)ed  cleavage. 


mated  to  l)e  1,4-00  feet  tliiek  on  the  Ijehigli  River. 
In  age  they  re|)i'esent  the  nitijer  i^ai't  of  the  Rpiier 
Devonian.  Lithologically  they  are  distinguished 
fi'om  the  snh.iacent  iMarcellns-IIamilton  rocks 
chiefly  by  tlie  greater  (|nantity  of  sand  wliich  they 
contain.  Neither  tliey,  nor  any  of  the  otlier  forma- 
tions above  the  Hamilton  were  studied  in  detail, 
the  field  traverses  l)eing  discontinued  wlien  these 
upper  formations  liad  been  reached. 

Sfnicftii'e.  As  far  as  can  be  asceidained  from 
the  limited  exposures,  the  structure  of  the  slate 
belt  is  very  simide,  re])resenting  the  south  liml)  of 
a syneline.  The  strike  is  nortlieastmly,  averaging 
about  N.75°E.,  and  the  di])  steei)ly  north,  varying 
from  70°  to  85°.  Two  miles  west  of  the  western 
edge  of  the  slate  l)elt,  as  maipjcd,  there  is  a shai']) 
fold  and  parallel  fanlting,  and  tliese  stimctures 
have  the  effect  of  re])eating  the  Oriskany  sandstone 
so  tliat  it  is  ci’ossed  lliree  times  in  a northward 
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traverse  along'  Lehigh  Ui\’er  l)etween  Hazard  and  Bo-wmanstown 
there  is  no  evidence  of  the  coiitinnation  of  tliis  feature  eastward  into 
the  slate  l)e]t  ])roi)er,  however. 

Among  the  lesser  strnetnral  features,  cleavage  is,  in  connection  with 
slate  ])rodnetion,  of  greatest  im])ortance.  In  strike  it  ronglily  parallels 
the  bedding  wherever  cleavage  is  developed, — clear  evidence  that  the 
major  fold  of  which  this  synclinal  limb  is  a part  does  not  possess  a 
noteworthy  ])itch.  The  development  of  cleavage  is  confined  to  the 
lower  ])art  of  the  IMarcellns-lIamilton  group;  in  the  higher  beds  the 
dominantly  sandy  nature  of  the  sediments  precluded  its  development. 
Where  present  it  is  generally  plane  and  regular,  and  it  nowhere  shows 
the  curvature  so  commonly  exhibited  by  the  Ordovician  slates  south 
of  Bine  Mountain. 

•lointing  was  not  studied  in  detail.  In  one  of  the  large  qnai'rie.s 
inuch  jointing  was  seen  to  strike  ]jarallel  with  bedding  and  cleavage, 
di])]fing  vertically,  drain  was  nowhere  observed. 

J’efrograph y of  the  slate.  The  slate  is  blue-gray,  of  approximately 
the  same  color  as  the  Lehigh-Northampton  district  “soft”  slate. 
Megascoiucally  it  fre(inently  shows  faint  lamination,  the  bands  being 
due  to  slight  variations  in  carbon  content  and  generally  not  exceeding 
2 (in  rare  cases,  -i)  inches  in  thickness.  They  weather  slowly,  the 
entire  slate  becoming  faintly  brownish  on  long  exjmsnre,  and  losing 
its  original  bine-gray  colors;  the  change  seems  uniform,  dharacteris- 
tie  features  are  occasional  lenses  or  s])herical  masses  of  calcareous 
matter  (see  Plate  3,  A)  evidently  rich  in  siderite,  which  on  weather- 
ing change  to  a rusty  brown.  Cleavage  is  smooth  and  regular  and 
liecomes  irregular  and  of  a jiapery  thinness  only  after  prolonged 
weathering. 

Under  the  microscope  the  slate  is  composed  dominantlj^  of  serieite 
and  bears  in  addition  large  ])roportions  of  carbonate  (siderite  or  fer- 
ruginous calcite),  chlorite,  and  (piartz,  named  in  the  order  of  descend- 
ing imjmrtance.  Pyrite,  cai-bon  and  a little  magnetite  are  the  dominant 
dark  minerals,  the  former  two  generally  occurring  in  sphernlitic  masses 
or  in  aggregates  of  such  sphernlites.  Chlorite  or  carbonate  surrounds 
some  i)atches  of  the  dark  minerals.  Lenticular  or  rhombic  masses 
of  cai'honate  have  crowded  the  foliae  of  serieite  aside  in  some  xilaces. 
Kiitile  needles  are  lacking  in  the  slides  examined,  though  the  mineral 
is  re])Oi-ted  by  Dale.’  The  slate  shows  considei'ahle  darkening  in 
color  parallel  to  certain  cleavage  planes. 

The  rounded  carbonate  “knots”  are  se(m  to  consist  dominantly  of 
calcite  oi'  ferruginous  calcite  and  exhibit  much  rusting  which  is 
visible,  even  under  the  microscoiie,  as  a yellowish  coloration. 

DETAILED  QUARRY  DESCRIPTIONS 

General  description.  The  slate  (jnarries  near  Aqnashicola  are  four 
in  nnmhei'.  As  all  are  full  of  water,  the  woi-king  face  is  not  accessible 
and  geological  data  are  corresimndingly  meager.  None  are  being 
worked  at  ])resent,  there  is  no  reason  to  anticipate  an  early  resumption 

1 ARthe,  r.  T.,  ami  Dyiian.  -T . 1...  raint-oro  dciio.sit.s  near  l.ehigh  (jap,  Pennsylvania; 
U.  S.  (jeol.  Survey  Bull.  Lo,  pp.  442-444,  11)0!(. 

-Dale,  T.  X.,  Slate  in  tlie  Uniteil  States:  U.  S.  Geol.  Survey  Bull.  58G,  p.  109,  1914. 
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of  quarrying',  and  detailed  information  as  to  former  operations  is 
not  available. 

The  general  description  of  the  structure  and  composition  of  the 
slate  IS  ba.sed  iqnm  ol)servations  in  these  (piari-ies  and  hence  needs  no 
repetition.  In  those  cases  vhere  the  rock  was  seen  in  idace  the  beds 
dipped  north  and  the  cleavage  south  at  steep  angles,  (ii-ain  direction 
could  iiot  be  ascei'tained  and  no  detailed  observations  could  be  made 
on  joints.  The  quarries  ai'c  nnnd)ei'ed  as  in  Figure  40. 

1.  Davies  (Jnairij.  This  irregular  opening,  measuring  about  100 
feet  s(piare,  is  .situated  api)roxiniateiy  a ipiarter  of  a mile  nortb  of 
Aqna.shicola  village,  on  the  west  side  of  the  highway  that  runs  north- 
ward from  the  town.  It  is  tilled  with  Avater  and  shows  a small  dunq) 
to  the  south.  The  slate  on  the  dump  is  faintlv  banded;  upon  close 
examination  these  bands  prove  to  be  beds  slightly  more  .siliceous  than 
the  remainder  of  the  rock.  The  color  is  the  usual  blue-graA'.  but  upon 
prolonged  Aveathering  there  is  a tendency  to  “rust”,  the  blocks  on  the 
dump  being  yellowisb-broAvn.  (fleavage  is  good  Avben  the  slate  is 
flesh,  hut  the  surface  Hakes  ii'regularly  on  prolonged  exposure. 

Judged  l)y  appearance's  this  quarry  has  long  been  idle. 

2.  Ilrai/  (^tiiai  ri/  yo.l.  This  large  o])ening  is  about  l.dOO  feet  north- 
east of  the  last  and  south  of  a northeast-leading  road.  It  is  rou-dilv 
1 eejangular  and  ineasures  about  I'OO  feet  in  a northwest  direction  by 
-10  feet.  ^ Some  do  feet  of  slate  are  exposed  aboA’e  the  surface  of  the 
water  Avhich  covers  the  (juarry  bottom.  The  dejith  is  uncertain. 

,,  weathered  slate  form  the  ovei'luirden.  Cleavage  strikes 

76°S. ; it  is  regular,  but  there  is  a suggestion  locallv 
of  fracture  cleavage.  Avhich  could.  hoAvever.  not  be  studied  at  close 
range  The  beds  seem  to  strike  X.i8°E.,  and  to  diii  about  8o°X 
iieavily  mulhoned  joints  strike  X.8.3°E..  dip  82°S. 

Examined  in  detail,  the  slate  rings  AA-ell  and  .shows  goo,l,  plane 
c eaAage  but  in  many  pieces  on  the  dunq)  exhiliits  joint-like  fractures 
that  cross  the  cleavage  surface.  The  rock  is  faintly  banded,  but  none 
of  the  bands  exceed  4 niches  in  thickness  and  AA'eathering  does  not 
generally  accentuate  the  markings.  Some  bands.  hoAvever  are  in- 
dicated even  at  tir.st  glance  by  brown  ••knots"  Avhieh  are  further 
empha.sized  ui)on  weatliering.  Individual  sti'ata  show  cro.ss-beddim- 

Ihis  and  (piarry  Xo.  3 are  on  the  Craig  and  Wentz  estatt's.  Thev 
were  last  leased  and  opi-i'ated  by  W.  M.  Fray  about  I')].').-. 

3.  Brai/  (Jiiorrit  Xo.  This  opening,  about  180  feet  Avest  of  and 
idong  the  .strike  from  Fray  (Quarry  Xo.  1.  is  a small,  nearlv  circular 
lole  about  80  feet  in  diann'ter,  AA'ith  a ju'obable  depth  of  60  feet 
Soine  10  feet  of  slate,  capped  liy  .1  feet  of  overburden  consistiu-  of 
weathered  slate,  show  above  water  level.  A single  cons])icuous  parting, 
apparently  along  a bedding  jilane.  strikes  X.80°E  dips  S3°X  Tbe 
cleavage  .strikes  X,75°E..  dips  70°S.  Tbe  ,,uarry  is  said  to  lun-e  been 
oiierated  simultaneously  Avitb  Fray  (Quarry  Xo.  1. 

4.  Greene  Qaarri,.  This  is  on  the  farm  of  Koliert  (Ireeiie,  half  a 
nine  northeast  of  the  Fray  (|uarries,  in  the  valley  of  a triliutary  of 
Aipiashicola  Cret'k.  It  is  a small  triangular  opening,  each  side  b'eiiio- 
aiiproximately  90  feet  long.  Xo  slate  is  expo.sed  above  the  water 

rp.  wsaoy.lDii'X  G«)i.  surw.v  null,  .asr. 
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level,  and  that  on  the  dnnip  is  similar  to  the  slate  from  the  other 
((uarries  described,  hut  shows  slightly  heavier  weathering, — probably 
due  to  longer  ex])osui'e.  It  was  last  oiierated  about  1915. 

DAUPHIX  ( OUXTY 

Dale’  describes  slate  obtained  in  drilling  at  Demy  Church,  near 
Ilei'shey,  in  the  southeasteim  part  of  I)aui)hin  County.  The  locality 
was  not  visited,  either  by  Dale  or  the  writer,  but  tlie  location  suggests 
a stratigra])hic  position  similai-  to  that  of  the  Lebanon  County  oc- 
currence,— that  is,  in  the  lower  member  of  the  IMartinsbnrg. 

The  slate  is  described  as  of  “dark  bluish-gray  coloi’,  with,  very  tine, 
even,  ami  somewhat  lustrous  cleavage  surface.”  It  bears  pyrite,  in 
buses  and  spherules,  is  graphitic,  and  rich  in  carbonate.  Mineralog- 
ically  it  strongly  resembles  the  slate  of  Lebanon  County.  Its  high 
(piartz  content  makes  it  a true  “hard”  slate. 

LEBAXOX  rorXTV 

(Icneral  deso'ipl ion.  The  work  of  the  Second  Pennsylvania  Survey- 
lias  shown  that  the  iMartinslnu'g  fomnation  extends  westward  from 
Derks  County  across  the  Schuylkill  into  Lebanon  County.  Here  no 
detailed  ma])])ing  has  been  done,  but  for  reasons  develo])ed  in  dis- 
cussing the  geology  of  the  Lehigh-Xorthampton  slate  licit  it  seems 
probalde  that  the  Martinsbnrg  consists  only  of  the  lower  two  of  the 
three  members  recognized  in  Derks  County  and  farther  east.  The 
lowest  member  locally  contains  beds  of  slate  that  have  been  worked 
with  protit  fi-om  time  to  time.  Only  one  of  these  occurrences  was 
actually  studied  in  the  field,  however  (see  page  P27). 

Colored  filaies.  Of  iiossible  economic  interest  also  are  the  red  and 
green  slates  of  the  middle  member  of  the  IMartinsburg,  which  appear 
in  various  jdaces.  Thus  on  the  Ilummelstown  ipiadi'angle,  nortlnve.st 
of  Annville,  there  is  red  shale  about  one  mile  east  of  Syner  and  again 
on  the  road  along  the  east  bank  of  Qnittapahilla  Ch-eek  about  two 
miles  southeast  of  that  hamlet.  Red  shale  also  occurs  a mile  south 
of  Pnion  "Waterwoi'kis,  on  the  same  (juadrangle  and  this  licit  evidently 
continues  westward,  for  it  rea]i]iears  about  four  miles  upstream  on 
the  east  bank  of  Swatara  Creek  above  IManadaville.  Other  occurr- 
ences have  been  observed  on  the  Lebanon  (piadi'angle ; thus,  red  shale 
outcrops  IC2  miles  north  of  Ebemezer  on  the  road  to  Dnnker  Kill,  and  in 
several  ])laces  between  Dnnker  Hill  and  Lebanon  on  the  east  road 
between  these  two  towns.  The  relatively  long  hauls  from  these  local- 
ities to  railroads  would  be  a serious  hindrance  in  development. 

lidojiiKj  shtfe.  Eor  the  greater  ])art  of  the  di.stance  from  Annville 
I0  Derry  on  the  Ilummelstown  ipiadrangle,  a road  runs  parallel  to 
and  roughly  half  a mile  noi-th  of  the  Reading  Railroad.  At  a point 
on  this  road  ap|iroximately  three-ijuarters  of  the  way  from  Annville 
to  Dei'iy  a northward  leading  road  leaves  the  Annville-Derry  road 
to  cross  Swatai'a  Credc.  llei'c,  on  the  farm  of  Mr.  d.  Elmer  Long,  is 
an  outcro]!  of  bliu'-gray,  banded  slate,  with  occasional  sandy  or  cal- 

I Uule.  '1'.  X.,  Slalc  in  Uic  I'nitcd  State's:  U.  S.  Gcol.  Survey  Bull.  586,  p.  10!),  1014. 

-Lesley,  .1.  P..  ( iefelopdeal  hand  atla.s  ut  T'enn.sylvania : Pi'iinsylvaniu  Second  Geol. 
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careous  layers  ii])  to  half  an  iiu-li  thick.  In  ycnci'al  a|)|)carancc  it 
sng’g'csts  the  “hai'd”,  rathei'  than  the  “soft’’  slate  of  the  Lehi^'h- 
Northainpton  helt ; this  is  consistent  with  its  areal  occurrence  and  its 
probably  low  |)Osition  in  the  IMai'tinsbnrp-  formation.  Unfortunately 
the  more  siliceous  layers  in  the  .slate  are  so  im])nre  that  any  single 
cleavage  jdane  seldom  crosses  the  sandy  “ribbons.'’  Indeed  those 
blocks  that  were  examinetl  showed  one  surface  develo])etl  along  a 
cleavage  ])lane  bnt  the  other  on  a bedding  plane;  as  the  two  ])lanes 
converge  gently,  a wetlge-shajied  block,  that  is,  one  tai)ering  down  in 
thickness  from  end  to  end,  is  prodnced. 

A hole  tilled  with  water,  now  25  feet  in  diameter,  marks  the  site 
of  the  old  fpiarry,  long  abaiuloned.  In  a ])art  of  its  wall  betiding  and 
cleavage  are  virtually  i)arallel,  the  strike  of  both  being  abont  X.7U“- 
85°E.,  with  dips  of  aiiproximately  50°»S.  The  slate  quarried  fdiows 
excellent  cleavage,  “rings”  well,  and  weathers  evenly,  with  oidy  a 
slight  change  in  color  in  the  direction  of  a very  faint  rnsting.  Where 
the  more  siliceous  beds  are  intersected,  difficulty  is  encountered  in 
getting  pieces  of  constant  thickness,  as  already  mentioned.  Undei’ 
the  microscope  the  rock  is  seen  to  be  uniformly  fine-grained.  It  is 
very  rich  in  muscovite,  and  also  in  calcite  in  tlie  form  of  lenticnlar 
masses  between  the  muscovite  fibres;  tlie  calcite  is  frc(piently  almost 
rhombohedral  in  outline,  .strongly  suggesting  a secondary  origin.  In 
general  there  is  a lack  of  dark  comstituents,  bnt  graphite  and  ])yrite 
both  occur  in  small  .si)herical  masses;  as  usual,  rutile  needles  abound. 

Although  this  slate  might  be  worked  under  excnqitionally  favorable 
circumstances,  its  tendency  to  wedge  ont  on  s])litting  and  the  genei'al 
difficulties  in  selling  “hard’’  slate  would  make  develojmient  unwise 
under  existing  conditions.  It  has  already  found  occasional  use  for 
flagstones. 

LEHTGH-XORTHAIMPTOV  Dl.STKK'T 

LOCATION  AND  COMMERCIAL  SETTING 

The  shife  helt  of  ea.sfe)')i  Tenn^nhoniid.  By  far  the  most  con- 
spicuous of  the  Pennsylvania  slate  districts,  both  in  geograjdde  size  and 
in  importance  of  products  is  that  extending  fi-om  the  New  Jersey  line 
at  the  Delaware  AVater  Ga])  westward  almo.st  to  the  Schuylkill.  This 
covers  part  of  three  counties  in  east-central  Pennsylvania,-Xorth- 
am])ton,  Lehigh,  and  Berks.  The  most  important  develo|)ment  is  in 
Northampton  and  Lehigh  counties;  hence  this  district  is  here  referred 
to  as  the  Lehigli-Northampton  .slate  district. 

Most  of  the  producing  ([uarries  are  grouped  near  two  general  centers. 
One  of  these  is  the  area  surrounding  the  towns  of  Pen  Argyl  and 
Bangor,  in  the  northeastern  part  of  Northam])ton  County;  this  has 

been  fully  described  in  an  earlier  rejiort,’  but  will  be  considered 

again  here.  The  other  is  at  kSlatington  in  Lehigh  County.  Althongh 

workable  slate  is  known  to  occur  between  these  two  regions,  thei’e 

is  so  little  development  from  AVind  Gaji  (Northam])ton  County) 
westward  to  Danielsville  that  an  arbitrary  north-south  line  may 
logically  be  drawn  approximately  midway  between  the  two  center.s 
mentioned,  that  is,  along  the  meridian  of  75°3()'AA".  long.,  se]iai'ating 
the  district  into  two  jnirts. 

1 I'plirtL  (’.  IT..  Jr..  Slate  in  Xertlianipton  ('nnniy.  Pennsylvania:  Pa.  Top.  and  (Jeol,  Snrvi'.v. 
P>nll.  M-9.  P.)27. 
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Tlie  eastern  of  these  two  |)arts  lies  wliolij’  in  Northampton  County 
ami  is  shown  on  sections  of  the  Delaware  Water  Gaj),  AVind  Gap,  and 
Allentown  cpiadrangies  of  the  Tojjograpliic  Atlas  of  the  United 
States,  prepared  by  the  United  States  Geological  Survey.  The 
western  jmrt  of  the  slate  belt  stretches  from  Danielsville  in  North- 
ampton County  sonthwestward  across  ])arts  of  tiie  Alaucli  Chunk,  Slat- 
ington,  and  Hamburg  (piadrangies  of  the  Topographic  Atlas  of  the 
United  States.  Taken  together  these  two  parts  thus  form  a strip 
extending  in  a generally  N.60°E.  direction  for  about  50  miles  "with 
an  average  width  of  approximately  10  miles.  The  northeast  and 
sonthw-est  boundaries  are  res])ectivel3'  the  Dehnvare  and  Schuylkill 
rivers. 

The  northwest  boundary  of  the  area  studied  is  formed  by  the  crest 
of  Blue  Alountain,  but  the  southeastern  edge  is  less  well  marked ; it 
follows  the  contact  of  the  slate  beds  with  the  subjacent  limestone 
layers,  mapping  having  been  discontinued  when  the  limestone  layers 
that  ontcro])  to  the  south  of  the  slate  belt  had  been  reached. 

Cities  and  towns.  This  district  is  about  65  miles  north  of  Phila- 
delphia, and  ap]U'oximately  95  miles  west  of  New  A"ork  City.  AA'ithin 
it  thei'e  are  seven  larger  towns, — Poidland,  Bangor,  Pen  Argyl,  AVind 
Gap,  AValnuti)ort,  Slatington,  and  Hamburg.  Of  these,  Bangor  (pop- 
ulation 5821  in  Ih.'lU),  Pen  Argyl  (1310),  and  Slatington  (1131) 
dominate  the  industry.  Several  smaller  settlements,  chielly  trading 
centers  for  the  surrounding  farms,  are  distributed  through  the  region. 
Along  the  southern  border  of  the  slate  belt  ai'e  several  towns,- — Bel- 
videre  (New  Jersey),  Nazareth,  Bath,  Northampton,  Egypt,  Eogels- 
ville,  and  Kutztown  ; in  these  the  quariying  of  limestone  and  the 
]nanufacture  of  cement  are  the  leading  industries.  Six  or  eight  miles 
south  of  the  slate  belt  are  the  four  industi'ial  centers, — Easton  (popu- 
lation 31,168),  Bethlehem  (57,892),  Allentown  (92,563)  and  Reading 
(111,17.1  ),  each  providing  a near  by  market. 

Until  recently  the  chief  occupation  in  the  slate  l)elt,  except  for 
agriculture,  was  (luarrying,  and  the  towns  mentioned  sprang  up 
lai'gely  in  i-esponse  to  the  gi'owth  of  the.  slate  industry.  Within  the 
last  two  decades,  however,  a period  of  decline  has  set  in  and  it  is  the 
manufacture  of  textiles  that  is  now  the  basis  of  growth  of  the  towns 
in  the  region. 

Transpo)-tnfion  facilities.  Alain  lines  of  several  raih'oads  operate 
along  the  three  large  rivers  that  drain  the  slate  belt.  The  Pennsyl- 
vania and  the  Delaware,  Ijackawanna,  & Western  follow-  the  Dela- 
wuire  River  fi'om  Alannnka  (.luudc,  on  the  New  Jersey  side,  nortlmard 
towartl  Scranton  ; on  the  Behigh,  the  Central  of  New  Jersey  and  the 
Lehigh  Valley  railroads  connect  AValnuti)ort  and  Slatington  with 
AMlke.s-Barre  to  the  north  and  Allentown  to  the  south;  the  tSchuylkill 
is  followed  liy  the  Beading  and  the  Pennsylvania  railroads.  The 
Lehigh  & New  England  runs  j)arallel  to  Blue  Alountain,  fi'om  Slating- 
ton to  Wind  Ga]),  being  thus  of  great  use  to  the  slate  industry  at 
Danielsville.  A i)ranch  of  the  Beading  Railway  connects  Slatington 
wdth  Reading;  this  is  of  special  imjmrtance  to  slate  producers  at 
Slatedale. 

Electric  cars  and  automobile  buses  connect  Slatington  wdth  Slate- 
dale,  Walnutport  and  Danielsville.  Others  link  Belfast,  AVind  Gap, 
Bangor,  Pen  Argyl,  and  Pori  land. 


)IiTIIA.\ll>'l'().\  HISTKICT  1l>!I 

W liei'e  there  aj’e  no  railroails,  eleeti'k'  lines,  or  liiu']i\va\  s,  aee(“,ss  is 
afforded  ovei-  dirt  and  gravel  i-oatls.  Xevei'thelrss  in  any  parts  of  the 
distriet  tliat  yield  or  hold  inueh  ho[)e  of  pr(.»dnetion,  I'oail  hanhme  to 
a railroad  need  not  exceed  fonr  ]idles. 

In  recent  years  the  I'ivers  have  not  been  used  to  a noteworthy  ex- 
tent for  traiasjiorting  slate;  they  'would  serve  oidy  for  handling  large 
shipments. 


PHYSIOGRAPHIC  FEATURES 

General  aspects.  Physiograi)hieally  the  region  is  divisible  into  three 
parts,  the  general  relief  and  topogi'aphy  of  whieli  is  detei-mined  in 
huge  ]iart  by  the  'way  in  which  the  underlying  rocks  resist  ’weatherin"' 
These  major  divisions  are  the  Idne  Mountain  (underlain  bv  resistant 
sandstone  and  quartzde),  the  slate  terrace  or  slate  belt  (of' which  the 
subjacent  rocks  are  slate  ami  shale),  and  the  limestone  valley  (under- 
lain by  soluble  and  readily  eroded  calcareous  rocks).  Beginning  with 
Idue  Mountain  at  the  iiorth,  these  three  divisions  form  successive  steps 
downward  from  maximum  altitudes  of  1,6()5  feet  on  Blue  .Mountain 
to  minima  of  about  3.30  feet  in  the  limestone  valley. 

The  chief  streams  cross  the  region  in  a southeasi ward  course  each 
flowing  through  a prominent  ga]i  in  Blue  .Alouiitains.  Delaware  Biver 
IS  a natural  boundary  for  the  district  on  its  eastmm  edge,  as  Schuylkill 
Kiver  IK  on  the  western  ; midway  between  the  two  is  Lehigh  River, 
the  trilmtaries  of  these  rivers  nowhere  cross  Bine  idonntain  Init 
heading  on_  its  south  Hank  or  in  the  slate  belt  itself,  flow  generallv 
southward  in  irregular  coui'ses  until  they  leave  the  slate,  after  which 
they  wind  across  the  country  over  irregular  courses  to  unite  with  the 
three  major  streams. 


Blue  Mounfaui.  The  southern  edge  of  the  abriiiit  slope  that  rises 
to  the  top  ot  Blue  Mountain  is  the  northern  boundary  of  the  slate  belt. 
iNorthward  from  where  this  slope  begins  there  is’ no  iiossibilitv  of 
(luarrying  slate  economically  l)ecause  the  talus  oi-  debris  from'  the 
quartzite  ot_  Blue  Mountain  covers  the  .slate  too  deeplv,  if  indeed  the 
solid  quartzite  beds  themselves  do  not  actually  overlie  the  slate.  Blue 
. ountain  has^  an  altitude  that  averages  about  1.300  feet  above  the 
■sea,  with  a width  of  little  more  than  one  mile  at  the  base  and  of  a 
ten  hundred  teet  at  the  cre.st.  The  geuei-al  effect  is  that  of  a re- 
markably even-to])ped  narrow  ridge.  In  a few  ]ilaces  there  are  gaps 
cutting  the  crest.  1 roceeding  westward  from  the  eastern  ed-e  of 
the  district  the  mo;D  noteworthy  of  these  are  Delaware  AVater'  (lap 

■IJO  teet)  AA  Hid  (^ap  (altitude  DM  feet).  .Smith  Bap  (altitude  1330 
leet),  imle  (mp  (altitude  1109  feet),  Lehigh  Bap  through  which 

Bap  (altitude  1.10.)  feet)  ; we.stward  from  the  last  there  are  no  marked 
notches  until  the  Berks  County  line  is  reached.  Thence  the  crest  still 
remains  generally  level  to  the  ga])  of  Schuylkill  River,  the  bottom 
of  which  has  an  elevation  of  about  400  feet.  A few  ]iromineuces  rise 
above  the  general  level  of  the  ridge  as  well,  the  most  conspicuous  ones 

being  Bake  Oven  Iviiob,  at  l.oO.A  feet  above  tide,  and  the  Binnacle 
which  IS  l()2.j  feet  high.  iioodme. 

Although  thi.s  level  "crest  of  Blue  Alountain  preserves  a o.ei,cral  east- 
noith-east  trend,  it  is  not  strictly  linear.  Xorth  of  Bammr  there  ai'e 
tvo  marked  sigmoid  flexures,  of  wdiich  the  easterly  is  called  the  Little 
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Offset,  and  tlie  other  the  l)i<>’  Offset.  West  of  Eekville  is  tlie  most 
noteworthy  (le])artnre  from  the  rc'etilinear  form.  Here  a,s  the  ridge 
erest  is  followed  it  suddenly  swings  sonthward,  leaving  its  generally 
sonthwesterly  trend,  and  then  turns  southeastward,  so  as  to  give  a 
marked  I'eeidrant  west  of  Eekville;  at  the  lowest  place  in  this  cresceid- 
shaped  mountain  form  the  road  leading  westward  from  Eekville  crosses. 
About  a mile  southeast  of  this  erest-i)oint,  the  main  ridge  trend  ;snd- 
denly  turns  sonthwestward  again  so  as  once  more  to  resume  its  usual 
direction,  but  after  two  miles  with  the  southwesterly  l)earing  it  again 
swings  toward  the  southeast,  giving  another  marked  i-eentrant,  parallel 
to,  but  larger  than  that  dne  west  of  Eclvville.  This  southeast  treud 
cuds  at  the  Piuuaele : thereafter  the  sonthwestward  direction  is  re- 
sumed and  maintained  with  slight  iri'egularities  all  the  way  to  the 
Schuylkill  lliver. 

Few  roads  cross  Idue  IMouutaiu,  and  its  erest  and  slopes  are  vir- 
tually uninhabit(>d.  Large  talus  blocks  on  the  sides,  a generally  sandy 
soil,  and  the  lack  of  springs  or  other  ]iernianent  sources  of  water 
combine  to  inhibit  any  farming,  even  on  tlie  smallest  scale.  The  moun- 
tain supjiorts  little  else  than  isolated  conifers  and  a jmor  second  growth 
of  deciduous  trees;  in  most  places  this  stunted  forest  is  so  dense  as 
to  be  almost  impenetrable. 

The  slate  terrace . The  slate  terrace,  though  in  places  as  much  as 
twelve  miles  wide  when  measured  at  right  angles  to  its  greater  dimen- 
sion, is  in  reality  only  a sort  of  stej)  downward  from  Line  Mountain 
to  the  limestone  valley.  Its  altitude  varies  from  place  to  ])lace  but, 
taking  the  relatively  level  divides  alone  and  ignoiving  the  deeply  cut 
stream  valleys  between,  it  is  remarkalily  even  tipiped.  Nevertheless, 
it  shows  differenci'S  when  stndied  in  detail.  The  most  striking  of 
these  is  the  generally  higher  elevations  (700,  800,  or  even  900  feet) 
attained  by  individnal  summits  and  divides  in  the  middle  part  of  the 
slate  belt.  The  area  with  such  unusual  heights  has  a trend  roughly 
j)ai'alleliug  that  of  Line  (Mountain  and  of  the  limestone  valley.  As 
streams  cross  this  belt  theii'  generally  moderately  wude  valleys  become 
increasingly  steej)  walled,  and  miniature  canyons  with  narrow  sides 
result.  When  the  geology  is  studied,  it  its  seen  that  this  series  of 
higinn-  crests  and  divides  is  coextensive  with  a change  in  the  character 
of  the  bed  rock;  the  slate  or  shale  that  underlies  this  physiographic 
snbdivision  is  far  moi'e  sandy  than  elsewhere  undei'  the  slate  terrace. 
Its  less  read.v  ei'osion  evidently  is  the  cause  of  the  to])ogra])hic  prom- 
inence of  this  area. 

This  is  a relatively  thinly  settled  region.  The  sandj"  soil  is  poor 
in  plant  foods,  and  the  commonly  steep  slo])es,  though  not  very  rugged, 
ai'e  yet  sufficiently  abrni)t  to  discourage  cultivation,  excejit  near  the 
crests  of  the  wider  divides,  lienee  the  farms  are  not  the  large  and 
|)rosperous  ones  that  characterize  the  limestone  distinct  to  the  south, 
and  in  general  the  nearer  to  Line  (Mountain,  the  thinner  the  popu- 
lation, the  poorer  the  homes,  the  smaller  the  land  plots  under  culti- 
vation, and  the  more  widely  sjmeed  and  less  well  maintained  the  roads. 

The  liaicstone  ratten.  Southeastward  from  the  slate  terrace,  the 
observer  descends  a relatively  abrupt  slope  for  some  50  or  60  feet  and 
then  finds  himself  upon  a narrower  Hat  varying  in  Avidth  from  a 
• piarter  to  two  miles.  The  country  rock  here  is  calcareous  but  has  a 
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A.  Ksfarpment  botwooii  slate  terrace  and  limestone  valley  (fore- 

}•  round) . 


15.  151ue  Mountain  (surmounted  by  Ivittatinny  |)eneplain ) , with  the 

slat('  ti'rrace  in  the  toref>round. 


C.  Hilly  toj)o<>rai)hy  topical  of  the  middle,  sandy  member  of  the 
3Iartinsburg  formation;  west  of  Kiehniond. 
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high  coiiteiit  of  clayey  materials;  it  is  the  Jacksoiilnirg  limestone  or 
“cement  rock.’’  Though  slightly  more  elevated  tlian  tiie  ma.jor  ]iart 
of  the  limestone  valley,  this  -Jacksonburg  terrace  may  veil  be  included 
vith  it.  The  •lacksonbui-g  limestone  is  not  sliovu  as  a sej)arate  forma- 
tion on  the  accompanying  maps. 

The  southern  limit  of  this  terrace  is  marked  by  a gentle,  fre([neidly 
scarcely  la'cognizable  decline  in  altitude, — the  nortlnvestern  boundary 
of  the  linieistone  valley  i)roper,  underlain  by  limestone  and  dolomites 
that  veatlier  and  erode  moi'e  rajudly  than  the  inijuire  “cement  rock’’; 
these  are  the  ])re-Jaeksoiduirg  (Ordovician  and  Cambrian)  limestones. 
The  higher  divides  on  this  lowest  terrace  are  generally  ai'onnd  400  or 
500  feet  above  the  sea.  lletween  them  are  gentle  slopes  and  the  valleys 
bear  sluggish  streams,  generally  not  deeidy  entrenched,  as  opposed  to 
the  steei)-w'alled,  ra])idly  tlowing  creeks  of  the  slate  tei’race.  These  two 
types  of  topogi-aphy — the  .slate  ten-ace  and  the  limestone  valley — are 
thus  .shar])ly  contrasting  in  a])pearance. 

The  limestone  vall(*y  is  the  rich  farming  belt  of  Northam])ton,  Le- 
high, and  Lerks  counties.  It  is  well  settled  and  crossed  by  numerous 
roads;  fai-m  houses  dot  the  rolling  surface  and  the  fields  are  wholly 
iindei-  cultivation,  except  where  a small  town,  a cement  (piarry,  or  some 
industrial  plant  occujiies  the  bmd. 

Terraces  are]  peneplains.  The  generally  broad  and  flat  divides  of 
each  of  these  physiograi)hic  subdivisions  have  encouraged  geologists 
to  recognize  in  each  the  remnant  of  a topograjihy  resulting  most  i)rob- 
ably  from  river  work  so  ])rolonged  as  to  yield  a vurtually  level  sur 
fac(‘.  8uch  nearly  level  surfaces  of  erosion  are  called  i)e]ie])lains.  Per- 
ha|)S  a Ijettcu-  term,  nnu-e  consi.stent  with  what  ap])ears  to  be  their 
origin  here,  is  “erosion  level.”  After  n])lift  such  levels  are  sub- 
.jected  to  renewed  dissection  by  any  streams  which  cross  them,  and 
presently  only  discontinuous  remnants  remain.  Ivemnants  of  several 
erosion  levels  of  this  type  liava-  been  described  as  the  Kittatinny  ero- 
sion level  (marked  by  tlie  cre.st  of  Blue  (Mountain),  the  Bchooley  ero- 
sion level  (])reseiwed  locall.y  as  spurs  and  benches  on  Bine  (Mountain), 
the  Harrisburg  and  related  erosion  levels  (shown  generally  in  the  sum- 
mits and  divides  of  the  slate  j-egion),  and  the  Lancastei-  or  Somerville 
erosion  level  marked  in  pai't  by  the  h'vel  of  the  limestone  valley.’ 

In  addition  to  these  bi'oader  features  many  .smaller  terraces  border- 
ing the  major  sti-eams  are  clearly  related  to  the  history  of  these  rivers. 
Thus,  the  Delawai'cv  Lehigh  and  Schuylkill  have  several  sets  of  ter- 
races api)arently  i-ecently  foi'ined.  One  of  these  is  well  shoAvn  on  the 
(‘ast  l)ank  of  Lehigh  Piver  hetwcMui  \Valnut])oi-t  and  Treichlei-.s,  at  an 
altitude  of  about  400  feet.  It  bears  rivei-  gi-avel  w4iich  covers  a fairly 
level  slate  surface. 

(JEN  I At.VL  OKI )LOGY' 

SUMMARY 

The  outcrop  of  workal)le  slate  beds  determined  the  extent  of  the  area 
studied.  Fm-  this  reason  the  greater  ])art  of  the  region,  mapped  is 
underlain  by  oidy  one  formation, — the  (Martinsburg  slates,  clay  slates, 
and  samL’  shales  of  tin*  Ordovdeian  ])e]-iod.  This  ontcroji  area,  how- 

^IHisoojn,  llorenco,  (\vcl(*s  of  orosiori  in  the  Piedmont  ]irf>vinpc  of  Pennsylvania:  Jour. 
GeoL,  vol.  20,  pp.  l40-5o9,  1921:  Knopf,  K.  H.,  Correlation  of  rosiUual  .erosion  surfaces  in 
the  eastern  Appalaehian  Highlain.ls:  Geol.  Soe.  Am.  Bull.,  vol.  pp.  633-C6S,  1923. 
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evei',  is  liordered  by  older  aiul  yoiiuger  rocks  tr(.)Ui  banibriaii  to  .Silui- 
iaii  in  age.  Farther  south  are  inoiintains  composed  of  pred ’amlirian 
gneisses  and  schists,  and  t'artlier  north  younger  strata  including  the 
anthracite  formations  of  Pennsylvanian  age. 

All  of  these  rocks  e.xce])t  those  of  the  pre-Cambrian  liave  a gcnerallv 
nortlnvest  dip  and  take  i)art  in  a lai'ge  monocline.  In  many  ihaccs, 
however,  minor  intense  folding  is  snpm'posed  upon  this  north  dip  in 
such  a way  as  to  complicate  greatly  the  detailed  structure,  dlorcover. 
there  are  several  ma.|or  thrust.s  and  si.mic  small  ianlts  ditfei  ing  in 
strike,  dip.  and  (lis])lacement,  which  introduce  still  further  variations. 
In  those  rocks  which,  because  of  composition  or  by  their  position  with 
regard  to  earth  stresses,  have  been  induced  to  rccrystallize  greatly. 
slcTty  cleavage  is  also  well  develo])ed,  together  with  other  structural 
features  usually  related  to  regional  metamorphism. 


STRATIGRAPHY 

GENERAL  STRATIGRAPHIC  COLUMN. 

An  earlier  rejiort’^  on  the  slate  belt  of  tin*  eastern  part  of  Xorthamp- 
ton  County,  Pennsylvania,  summarizes  what  was  known  up  to  111-7 
as  to  the  stratigraphy  of  the  iMartinsliurg  and  the  associated  forma- 
tions in  eastern  Pennsylvania.  The  normal  seipieiice  from  the  sur- 
ficial  deposits  downward  in  stratigraphic  .succession  is  indicated  in 
Figure  -lib  Of  this  series  the  rocks  that  bordm-  the  lower  margin  of 
the  slate-bearing  iMartiusburg  formation  an*  altogether  (Ireloviciau  and 
Cambrian  limestones  and  there  is  no  knowledge  of  any  placi*  where  the 
IMartinsbnrg  formation  comes  directly  in  contact  uith  the  llardyston 
(piartzite,  either  in  the  normal  sedimentary  sequence  or  through  fault- 
ing. 

CAMBRO-ORDOI/TCIAN  LIMESTONES. 

A very  detailed  deiscription  of  these  limestones  was  given  in  an 
earlier  report-;  a re])etition  is  nor  called  for,  but.  because  their  recog- 
nition may  furiush  a clue  to  structure  on  the  edges  of  the  slate  belt, 
a few  sentences,  at  least,  may  be  given  to  each  formation. 

The  Tomstown  limestone  is  a l)lue-gray,  tlolmnitic  limestone  in  mas- 
sive beds,  with  thin,  originally  shaly.  now  s(M’icitic  layers;  black  flint 
is  occasionally  lU'csent.  Its  lower  beds  are  said  to  contain  a sand_\  pbase 
grading’  clownward  into  tbe  llardyston  (piartzite.  lligbei  up  the 
formation  becomes  more  argillac(‘ous.  or,  having  been  folded,  shows 
thinner  scricitic  bf'ds  dm*  to  the  alteration  of  clav(‘y  mattei . Its  thi(.k- 
uess  is  KHH)  feet  or  so.  Its  age  is  lowin’ Cambi’ian. 

The  Conococheaguc  (Allentown)  limestone  consists  of  thick  b'^ds  ot 
alternating  limestom's  and  dolomites,  white,  cream,  buff,  oi’  light  blue- 
gray  in  coloi’,  weathering  to  lighter  shades  of  the  same,  'fin’  mas,>iv(> 
bed's,  freiiucntly  showing  very  close  jointing  and  generally  character- 
ized by  the  lU’CMnice  of  Cryptozoon.  are  di.stinctivc.  ()olit('s  an.l  ripple 
marks  are  not  rare.  Chert  and  bint  nodules  are  not  bwking,  but  are 
rarer  than  in  the  Tomstown  limestone;  highly  scricitized  layers,  also, 
are  less  generally  observed.  It  is  the  thickest  member  of  the  Cambrian 
series  in  the  region  studied  and  by  far  the  most  commonl\  seen  in  the 

1 Kehrc,  C.  U..  .Ir.,  Shito  in  Xoi'tliuniiiton  ('(JUiity,  ri'iinsylviiniii:  Pa.  'I'oi.'.  ami  (lOOl. 
Survey  Bull.  pp.  100:1,  1927. 

nilehre,  C.  H.,  Jr.,  op.  cit.,  pp.  12-18,  102,. 
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J'oiielemeratie  at  base. 


Blue-;rray  and  brownish,  widely 
band(*d.  partly  carbonaceous  slates 
and  clay-slates. 


I’ulaski  fauna 


Brown,  calcareous,  locally  cony:lo- 
meratic  sandstones  and  sandy 
shales,  -with  occasional  red  and 
^reen  shales:  ocherous  shales  near 
base. 


Edon  fauna 


Thinly  bamled  clay-slates  and  slates, 
and  tine-j;rained  calcareous  sand- 
stones; some  red  shales. 


Lower  Trenton 

(T'i)p(T  B.lack  Kiver?)  fauna 


Blue-;rray  argillaceous  limestone. 


Bltie-jjray  dolomitic  limestone,  with 
bods  of  “edg'ewise”  contiomerate. 


White,  buff,  or  li^iit  g:ray  limestone 
in  massive  beds. 


Blue-jfray  pure,  sandy,  or  clayey 
dolomitic  limestone. 


Buff  to  white  quartzitic  sandstone. 


Stral coluiini  of  the  Martinsbui'S  and  associated 
foi'inations  in  eastern  Pennsylvania. 
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none  too  t’re(juent  outcroi)s.  The  thiekiiess  is  about  loOO  feet.  'J'lie  a^'e 
is  late  Cambrian  (Ozarldan,  Clrieh). 

There  is  a marked  hiatus  IxdwiHUi  the  fossiliferous  ])art  of  the  'foms- 
town,  at  least  iu  southeastern  Peiiusylvauia,  and  the  Allmdowii  lime- 
stone. This  hiatus  apjiareutly  re])resents  middle  Caml)rian  time,  diir- 
iuo'  ^vhieh,  in  sonth-eeidral  Pennsvl vania,  the  Wavnesboro  and  Elbi'Odk 
formations  or  their  eiiuivalents  weia*  beiu"'  laid  down.  A probable  dis- 
eonformity  has  therefore  been  suyyested  by  Pliueh,  who  states  that 
(lurine-  the  middle  Cambrian  the  area  from  the  1 lai-risburg-  axis  north- 
ward remained  emere-ed. 

The  Peekmantown  limestone  is  a t)lue-gray  dolomitie  roek  in  massive 
or  thin  beds,  somewhat  oolitie  in  si)ots.  It  is  (.listinguished  from  the 
Conoeoeheagne  by  the  somewhat  lower  magnesian  eonteid  and  the  gen- 
(“rally  more  thin-bedded  eharaeter.  It  is  iiiore  massive  below,  moi'(“ 
thinly  bedded  above,  and  becomes  i)rogressively  leaner  in  magnesia  up- 
ward. Edgewi.se  eonglomerate,  eonsistiug  of  slendei'  fi’agments  of  buff- 
eolored,  finely  erystalline  dolomite,  whieh  weathers  to  a light  gray,  set 
in  a matrix  of  dark,  oeeasionally  fetid,  more  eoai'sely  erystalline  liuu‘- 
stone  is  seen  iu  some  beds.  A silieeous  “wash”,  forming  on  tlu‘ 
weathered  surface  a Hue,  butf-colored  or  dai-k  network,  is  chai'actei-- 
istic.  These  two  features  are  not  lacking  in  the  Allentown  limestone, 
and  thus  are  a source  (d  confusion,  but  the  more  highly  calcareous  na- 
ture of  the  Peekmantown  serves  to  distinguish  the  two  lithologically. 
Its  age  is  lower  Ordovician,  The  thickness  is  about  lOOO  to  loOl*  feet. 

The  Jacksonburg  limestone  or  “cement  rock”  .shows  many  different 
facies.  Locally  it  is  (piartzitic  or  mort'  eomuioidy  shaly  ; in  the  lattei' 
case  it  is  dark  l)lue  or  even  black  iu  color.  Very  probably  it  is  a facies 
of  this  rock  for  Avhich  Stose  and  Jonas  have  created  tlie  special  uauu' 
Le('.si‘)ort  limestone’.  Tlu'  formation  has  a thickness  vai'ying  from  ‘i-hO 
to  (100  feet.-  The  age  is  Plack  Riv(*r  and  Ti-enton. 

The  dark  beds  at  the  top  of  the  Jacksonburg  formation  and  the  over- 
lying  slate  are  alike  in  color,  in  the  hue  assumed  on  weathering,  and  in 
the  possession  of  a fairly  well  develo])ed  cleavage.  Application  of  acid, 
however,  distinguishes  them  at  once,  as  the  Jacksonburg  limestone  effei-- 
vesces  freely. 

The  se(pience  is  also  said  to  include  a limestone  of  Stoiu's  Pivtu'  aged 
but  the  evidence'  for  the  age  reference  is  too  slender,  the  exieosures  are 
loo  intermitteid,  and  the  structural  relations  still  too  impe'rfe'ctly 
known  to  justify  the  recognition  of  a se])arate  foi-matiou  of  that  ag*‘ 
in  the  area  here  described. 

All  of  these  limestones  of  ])re-i\Iartinsbui'g  age  are*  ma^^ped  ceellec- 
tively  as  (’ambro-(  (I'deeviedan  limestones  without  attempts  at  elift'eren- 
tiatiou. 

Uelaiio)}^  hetifei  ii  Uniesfoii'es  and  MdiiiiishiD'f/  foi-nuifinn.  The  re- 
lations between  the'  slate  auel  the  uneh'rlyiug  limestones  are  ge'uerally 
ueermal  but  the  apiee.irance  of  outcro])s  of  limestone*  re*sembliug  the 

^ vStose,  G.  W.,  and  Jonas.  A.  T.,  Onlovifian  slnilo  and  associated  lava  in  soutticastcrn 
Pennsylvania:  Oeol.  Soc*.  Am.  Hull.  vol.  US,  ]>.  ndli,  1927. 

- ^Miller,  H.  L.,  Linp'Stones  of  I^mnsylvania : Pa.  'J'oiu  and  (leol.  Survt'y  Hull.  .M  7. 
pp.  107-10S,  10*2”);  Belirc,  C.  H..  Jr.  Slatu  in  Northampton  Gounty,  I’ennsylvtinia:  Pa.  'Top. 
and  Geol.  Survey  Jhdl.  M 9,  pp.  17-1'',  1927. 

Stose,  G.  \V..  ami  donas,  A.  I.,  o]i.  cit.,  ]>.  ."(>7. 
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Toiiistowii  and  ( ’onoc-oelieafiuc  i'orinatinn.s  locally  within  the  slate  belt 
lias  led  to  interjiretations  of  fanlting  or  iineonfonnities  in  which  the 
upper  limestones  are  thought  to  have  been  removed  by  erosion  or  never 
dejiosited  and  the  slates  to  rest  directly  upon  the  lower  limestonesh 
An  altei’native  exjilanation  is  that  these  limestone  outcrops  represent 
calcareous  lenses  within  the  slate  formation.  The  finding  of  the  fossil 
Cry]itozoon  in  some  such  anomalous  limestone  masses  favors,  though 
it  does  not  conclusively  prove,  the  correctness  of  the  former  interpre- 
la.tion.  These  limestones  are  here  classed  with  the  Martinsburg. 

From  the  Lehigh  westward  Stose  and  Jonas'-  have  described  areal 
relations  suggesting  either  local  unconformities  lieneath  the  IMartins- 
bnrg,  as  a result  of  overlap,  or  complex  fanlting.  In  this  region  the 
age  of  the  limestone  found  just  beneath  the  shale  or  slate  in  the  various 
outcrous  varies  considerably.  At  Egy])t,  north  of  Allentowui,  it  is 
Ozarkian",  but  from  Egyjit  -westward  the  rock  immediately  below  the 
slate  is  generally  the  Leesport  limestone  of  Stose  and  Jonas,  which  is 
the  a])])roximate  equivalent  of  the  Jacksonbnrg  limestone  of  earlier 
reports.  Irregular  thrust  faidting  here  and  there  comjilicates  the 
areal  distribution  of  shales  and  lime.stones  and  frequently  aids  in 
bringing  iire-Jacksonburg  limestones  again.st  the  i\Iartinsburg  forma- 
tion. As  these  relations  were  not  studied  in  detail,  there  will  be  no 
fnrth(*r  discussion  of  iire-Martinsburg  .stratigraphy,  excepting  as  it 
bears  directly  upon  the  age  of  the  IMartinsburg. 

THE  MARTINSBUR.G  FORMATION. 

Genera]  (leseri ption.  The  area  studied  for  the  purpose  of  this  re- 
])ort  lies  wholly  in  the  northern  parts  of  Xorthaiiqiton  and  Lehigh 
counties,  and  in  that  jiart  of  Eerks  County  east  of  the  Schuylkill. 
AVhat  follows  is  therefore  a description  of  the  Martinsliurg  formation 
only  as  it  apjiears  in  this  section  of  I’enirsylvania. 

For  ])ractical  juiriioses,  the  formation  is  be.st  sulidivided  on  a litho- 
logic basis  into  a lower,  a middle,  and  an  uiiper  iiart.*  The  lower 
jiart  is  characteristically  a banded  clay  slate,  though  there  are  also 
thin  sandstone  beds.  The  middle  member  contains  sandy  beds  as  its 
most  typical  facies,  tlmugh  some  truly  slaty  beds  are  also  found  in 
it.  The  niipeianost  membei'  is  bainb'd  lilce  the  low’er,  but  there  is  less 
sand  and  the  individual  beds  are  much  thicker.  The  differences  be- 
tween these  su])divisions  ai-e  I'clative  and  in  areal  ma])])ing  the  line  be- 
tween them  is  drawn  with  difficulty. 

Judging'  from  his  detailed  woi'k  in  southei'u  Penmsylvania  and  from 
reconnaissance  studies  in  the  region  here  discussed,  Stose  lias  inter- 
jn-eted  the  Alartinsburg  as  comprising  only  tw-o  distinct  member, s — a 
lower  shaly  and  an  nj)])ei'  sandy  one — and  regards  the  njipermost, 
banded,  slaty  membei'  of  Behre  as  the  lowest  member  repeated  by 
folding.  Ills  viewpoint  is  well  snjiported  by  field  data,  but  the  differ- 
ence is  chiefly  one  of  structural  interpretation  and  hinges  upon  evi- 
dence not  as  yet  available,  so  that  a final  settlement  is  not  possible  at 
]n'esent.  The  structural  inter]n'etation  of  Stose  is  well  set  forth  in  a 

1 Stoso,  G.  W.,  and  .Toiias,  A.  I.,  Ordovician  shale  an.d  a.ssociatcd  lava  in  southeastern 
Peiinsvlvania:  Geol.  Soc.  .'Vm.  Hull.,  vol.  ‘Sa,  p.  513,  1927. 

= <;)p.  cit.,  p.  512,  1927. 

5 Ulrich.  E.  O.,  Pcr.«oiial  coinitninication;  see  also  Stose  and  -Tonas,  op.  cit.,  p.  512. 

Bchrc,  O.  H.,  -Jr.,  Observations  on  structures  in  the  slates  of  Northampton  County, 
Pennsylvania:  .lour.  Geol.,  vol.  34,  pp.  ‘1.^4-487,  1926. 
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recent  publication’  and  that  of  tlie  writer  is  given  in  the  ma|)s.  struc- 
tural sections,  and  local  descrij)tions  of  this  i-eport.  d'liough  of  siden- 
titic  interest,  the  differ(‘nces  in  viewpoint  aia^  not  of  nuich  practii-al 
importance;  further  reference  is  made  to  tliem  on  later  pages.  If  the 
reader  accepts  the  interpi'ctation  of  Stose,  lie  should  read  "lower” 
where  in  this  la-port  the  "uppermost”  member  of  the  Martinsbiirg 
is  referred  to. 

The  exact  thiid'Uiess  of  the  formation  is  in  doulit  and  there  are  no 
places  within  the  region  here  described  wdiere  the  ex|)osnres  are  suffi- 
ciently continuous  to  yield  dependahle  measureimmts.  Along  Dela- 
ware Kiver,  Sanders  estimated  the  entire  IMartinshnrg  to  he  .’)24()  f(‘et 
thick,  hut  says  that  this  "is  more  likely  an  nndei-.statenmnt  than  an 
exaggeration.”-  This  is  the  maximum  thickness  mentioned  in  any  of 
the  reports  of  the  Second  (leological  Suiwey  of  Pennsylvaiua.  Stose 
regards  the  thickness  as  about  oOdO  feet."  Three  sections  have  been 
measui'cd  in  great  detail  by  the  writei', — one  each  along  the  Delawai'C 
and  Lehigh  idvers  and  one  between  the  two  streams — and  the  arith- 
metical average  of  these  measurements  is  ll,5d-f  feet,  though  on  ac- 
count of  possible  repetition  through  folding,  this  is  ]n'ol)al)ly  too  liigh. 
rather  than  too  low  a figure.  It  is  impossilde  to  obtain  accurate  meas- 
urements. yet  it  would  seem  that  approximations  should  not  be  dis- 
counted in  favor  of  mere  guesses.  In  geneiad.  the  thickness  in  this 
region  may  therefore  well  be  taken  as  about  11.000  feet. 

Loire)'  Ma)'tnt>il)i(i-(;  ))u')iibei'.  The  lower  memlier  is  generally  a thin- 
bedded  clay  slate  or  slate.  Its  prevailing  colors  are  bine-gray  oi'  dark 
silvery  gray  near  the  "neutral  gray  k”  of  liidgway's  color  (diart. 
weathering  to  liglit  yellowish-brown  or  buff.  Tt  contains  layers  that 
are  alteiaiately  siliceous,  sericitic  or  cai'bonaceous ; the  resulting 
handed  character  is  the  distinguishing  feature  of  this  part  of  the  for- 
mation. This  banding  is  shown  on  the  fresh  cleavage  surface  by 
streaks  that  are  moi-e  silvery  where  siliceous,  and  grade  more  towai'd 
a black  wdiei-e  carbonaceous.  Individual  beds  are  generally  two  or 
three  inches  or  less  in  thickness,  and  never  exceed  a foot.  Woi'kalde 
slate  beds  ai'e  not  found  thi’oughont  the  lower  Alartinsbnrg.  but  occur 
only  at  certain  horizons.  Some  good  banded  slate  has  been  quarried 
with  ])rofit  in  jnirts  of  Xoi-tham])ton  County,  as  at  Chapman  and  near 
Belfast,  but  it  is  not  extensively  worked  out  except  at  the  ])laces 
named.  These  will  be  discussed  in  detail  in  the  imlividnal  ([uai’ry 
descriptions. 

The  lowest  ])art  of  this  member  consists  along  the  Schuylkill  of  a 
dirty  olive-green  to  grayi.sh-brown  micaceous  sandstone  and  sandy 
shale;  this  is  shown  due  west  of  Shoemakersville  on  the  west  bank  i)f 
Schuylkill  River  in  cuts  of  the  Reading  Railroad,  and  again  iu  cuts 
of  the  same  railroad  about  a (piarter  of  a mile  north  of  the  We.st  Lees- 
port  station.  Followed  eastward  the  lowest  beds  become  mor<‘  blue- 
gray  and  less  shaly  ami  c(.)ri‘es])ondingly  more  sandy  until  they  are 
jiredominantly  blue-gray,  rusty-weathering.  locally  calcareous  sand- 
stone. as  in  the  hills  two  miles  north  of  IMaxatawny  in  the  Slatington 
quadrangle.  Still  farther  east,  on  the  Lehigh  and  llelaware  idvm-s  the 

’■Stose,  C4.  WV,  Unconformity  :it  tlie  liase  of  the  Silurian  in  southca.'^tcrn  I’ennsylviinia: 
Geol.  Soc.  Am.  Bull.,  vnl.  41.  pii.  C2n-(i57,  1940. 

-Sanders,  K.  H.,  Getilo^y  of  Lehifth  and  Xortliamiiton  Counties:  Pennsv]\’ania  Second 
Geol.  Survey,  I).  3.  vol.  1,  p.  S.5,  1SS:1. 

“ Op.  cit. , p.  C34. 
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PLATE  27. 


A.  Typical  oiitcii)])  of  iniddlo.  sandy  ineinber  of  the  Maitinshiirj; 

foiination  neai'  Hainbni'ff. 


I>.  iilock  of  it  pical  lower  .'Martinsbur”',  showiii"'  characteristic  closely 

spaced  banding. 
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I'oc'k  consists  of  l)lue-i>'i'ay  sandy  shales  and  sandstones  alternating  in 
thin  beds.  Locally,  as  neai'  Janiestown  and  Lebanon h there  ai'e  also 
some  red  and  gi-een  sandy  shales,  thongh  these  ai'e  generally  more 
characteristic  of  the  middle  member  of  the  Martinshni-g.  There  are 
al.so  in  the  lowest  mend)er  local  lenses  or  beds  of  limestone  np  to  three 
feet  in  thickness.  (.)f  these  some  ai'e  almost  free  from  argillaceous 
matter  and  consist  of  layei's  of  light  or  dark  lilue-gray  lime.stone, 
weathering  white,  huff-colored,  or  light  gi'ay,  and  suggesting  in  their 
deiLse  texture  the  lime.stones  beneath  the  iMartinsburg,  esjiecially  some 
facies  of  the  Allentown.  Some  of  the  thinner  calcareous  inter-lx'ds 
ai'e  well  shown  along  the  east  bank  of  Schuylkill  Liver  at  Mohrsville. 
As  yet  they  havi*  yielded  no  fossils. 


Fig.  43.  Sketcli  of  block  of  bal'd  slate,  showing  folding,  jiossibly  din‘ 
to  solifluction,  jn'i'vious  to  the  develoimient  of  cleavage;  the  surface 
of  the  jiage  is  |)ai'allel  with  the  cleavage.  Grabiw  (|uari',v. 


In  the  next  higher  part  of  the  low(*st  member  of  the  iMartinsburg, 
the  beds  are  more  clayey,  shaly,  or  slaty  and  are  largely  sericitized, 
and  it  is  in  these  strata  that  the  workable  slate  occurs.  These  slaty 
phases  are  described  in  greater  detail  in  the  discussion  of  the  “hard” 
slate.  In  this  memlier  there  are  also  sandy  .strata,  but  .sericitized, 
originally  clayey  layers  predominate. 

The  thickness  of  this  lowest  mendier  of  the  iMartinsburg  formation 
in  Lehigh  and  Xorthamjiton  counties  is  about  dOOO  feet.  Xo  sections 
have  been  measured  farther  west,  hut  from  the  width  of  outcrop  it 
is  assumed  that  this  figure  also  holds  foe  eastern  Berks  Bounty. 

The  cliaracter  of  the  contact  of  the  iMartinsbui'g  with  the  subjacent 
formations  varies  regionally,  as  already  indicated.  In  some  |)laces  the 
shale  or  slate  pa.sses  downward  gradationally  into  .shaly,  im])nre  lime- 
.stones of  the  Jacksonburg  formation.  Elsewhere  it  i-ests  with  discon- 
formity  or  angular  unconformity  upon  i)re-Jack,sonburg  limestones. 
In  other  ])laces,  again,  the  contact  is  a fault  j)lane.  The  significance 
of  these  relations  to  IMai'tinsburg  sti'atigrajihy  lies  in  detei'ndning  the 
age  of  the  tnirliest  IMartinsburg  beds;  what  with  the  rarity  of  fossils 
in  the  IMartin.shnrg,  these  subjacent  limestones  furnish  the  chief  clue 
to  the  age  of  the  lower  iMartinsburg.  On  the  Delawai'e  Liver  at  Port- 
land the  limestone  immediately  underlying  the  iMartinsbui'g  is  of 
Trenton  age,  as  indicated  by  its  fauna.-  At  Xazareth,  the  upper  jiart 


Stose, 

= Behre, 
work  of  Dr 
with  Prs.  K 


(t.  W.,  anil  .Timas.  .\.  I.,  op,  i-it.,  pp.  52(i.,T'27,  1927. 

C.  H.,  ,Tr.,  op,  I'il.,  ji.  17,  1927:  this  corri'lation  is  Imscil  I'spocialiy  on  tin' 
. Stuart  Wi'llor,  citril  in  tho  ri'fiTriice  given,  but  also  on  oral  eoniinunicat ions 
r.  O.  r Irieli  anil  Kuiloll  Kuedeniann. 
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of  the  limestone  is  of  lower  Trejitoii  agcA  Tliese  observations  lead  to 
the  inference  that  the  Martinshnrg'  formation  in  eastern  Northampton 
County  is  of  early  or  middle  Trenton  aiie. 

Mastwai’d  from  the  Delaware,  Avhere  the  formation  has  been  studied 
by  the  writei',  the  fossils  suyeest  that  the  shaly  i)hase  of  middle  Ordo- 
vician setlimentation  a])i)eared  slightly  earlier  than  west  of  Delaware 
hiver.  At  Di-anchvilh*  and  -Tutland,  New  Jersey,  the  fossils  collected 
!\v  Weller  are  of  “Normanskill”  a^'e-  and  may  thus  Avell  have  been 
laid  down  in  rjipc'r  Black  Iviver  time,  though  Dlricli  i-egards  them  as 
Trenton.  In  Orange  County,  New  York,  fossils  in  the  IMartinshurg 
are  saitl  to  show  a “mixed  Hudson  Bivei’-Trenton”  fauna.® 

In  southern  Pennsylvania,  near  the  ^Maryland  line,  the  hlartinsburg 
])asses  downward  into  the  Chambershurg  limestone  through  a transi- 
tion, the  “Sinuites  zone,”  of  earliest  Trenlon  age,  and  the  fossils  of 
ihe  lower  100  feet  of  true  shale  are  of  lower  to  middle  Trenton  age.'' 
If  tin*  “Sinuites  zone”  is  included  with  the  Martinsburg,  the  latter 
thus  hegins  here  with  the  Trenton. 

To  summarize  the  known  facts  regarding  the  age  of  the  lowest  mem- 
ber of  the  Martinshnrg,  it  is  reasonable  to  a.ssume  that  the  beginning 
of  the  mud  d(*]n)sits  that  make  u]i  the  IMartinsburg  formation  wars  in 
eai'ly  Trenton  or  very  late  Black  Biver  times  and,  from  what  will  he 
said  below,  continued  to  the  Eden  (middle  Eden?)  sul)-epoch. 

Middle  Martijishnrfi  vieiiiber.  The  middle  member  of  the  IMartins- 
hurg  formation  is  generally  composed  of  two  types  of  rock, — (1)  blue- 
gray  banded  and  commoidy  sandy  shales,  resembling  in  general  the 
more  sandy  layers  of  the  lower  iMartinsburg  and  (2)  fine  to  coarse 
arkosic  sandstones,  almost  always  very  im|mre  with  shale  or  lirne  ad- 
mixture, and  locally  hearing  pebbles  which  vary  in  diameter  all  the 
way  up  to  one  inch.  Tn  addition  ocher-colored,  brick-red,  and  green 
shales  and  sandy  shales  are  i)]'esent  in  some  parts  of  the  formation, 
notably  in  Berks  County  ea.st  of  Schuylkill  River,  where  they  are  be- 
ing (piarried  at  Eenhartsville  and  Greenawald.  In  a few  places  the 
shaly  beds  of  the  middle  iMartinsburg  have  been  sufficiently  conii)ressed 
to  yi(‘hl  slaty  clea\'age,  but  none  of  the  (|uai’ries  where  attemi)ts  W'ere 
)nade  to  work  this  rock  as  slate  is  o])erating  at  present,  and  it  is  not 
l)(‘liev(‘d  to  be  a promising  horizon  for  slate  making  under  the  exist- 
ing conditions  in  the  industry. 

The  thickness  of  this  member  in  the  area  here  discussed  is  about  4200 
f(‘et,  this  being  the  avei'age  of  two  measurements — one  along  Little 
Pushkin  Cre(‘k  and  tin*  other  along  Lehigh  Riv(‘r. 

Lik'e  the  other  subdivisions  of  the  iMartinsburg  formation,  this  nu‘m- 
her  h(‘ars  fo.ssils  but  rarely.  The  massive  calcareous  sandstones  fre- 
(piently  show  ti'aces,  yet  (‘ven  in  these  collecting  is  very  ])()or.  Eive 
collections  howev(‘i',  all  from  ap])i‘()ximateiy  the  same  horizon,  show 
10  si)(*cies,  said  by  Ulrich”'  to  be  of  Bidaski  age  in  terms  of  the  New 

’ Jlilli'r,  Ji.  L.,  ilineral  piginciits  o£  Penii.«ylv:inin : I’u.  'I’cjp.  iiikI  (icol.  Survo.v,  Comm. 
Kejit,  No.  ■},  |ip.  I'l,  ir>,  1911. 

- Wi'llor,  Stuart,  Tlio  Pali’oaoic  faunas:  X.  -T.  (Irol.  Survoy  Rapt,  on  Palpontology , vol. 
Ill,  p.  .12.  190:1;  Li'wis,  .1.  W.,  and  Kunniii'l,  H.  11.,  Thp  geology  of  Now  -Jor.sey:  New 
■Jersey  Geoi.  Survey  Bull.  14,  p.  47,  191.7;  Ruedemann,  Rudolf,  personal  eonimunication. 

“ Ries,  Ileinrieli,  Geology  of  Orange  County;  X.  Y.  State  JIuseum  Ann.  Rept.,  vol.  49, 
II,  p.  441,  1898. 

* Stose,  G.  W.,  Jlereer.sburg-Chamlier.sburg  Folio:  C.  S.  Geol.  Survey  Geol.  Atlas  of  the 
U.  S.,  p.  in,  19(19. 

® Ulrich,  E.  O.,  Personal  eonimunication,  1927. 
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A.  Ty|)i<'al  middle  Alartiiishiiro  !sandstoii<‘  ^liowiii”  fossil  tiaeks. 


H.  Middle  Mart  inshiii-”  sandstone  bearinji  I'-slutix'd  ripple*  marks 
indicative  of  shallow  ^vater. 

^ oi'k  section  or  to  reiiresent  a horizon  Itetween  i\Iei\Iieken  (npi)er 
Edeni  and  i\It.  llo|ie  (lower  Maysville  or  lowest  Fairview)  in  tlie  Cin- 
cinnati section.  As  t<ir  as  the  wi‘itt*r  is  aware,  these  live  collections 
and  some  of  similar  age  made  by  Sto.se  in  about  the  same  horizon  ai'e 
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the  only  availal)le  criteria  for  tlie  age-eorrelation  of  the  middle  Mar- 
tinshiu'o’  east  of  Selmylkill  Kiver  in  eastern  Pennsylvania. 

The  large]'  ])art  of  the  fossils  are  from  coarse,  im])nre  sandstone 
oceni'i'ing  near  the  top  of  the  middle  member.  The  list,  identified  by 
Dr.  E.  (),  r Il'ich,  includes: 

Zy^KSiiira  inodestii 
I >alinanella  cl’,  iiiultiseela 
Sowei'byella  sei'icea 
Ilebertella  siiiuata 
1’k‘ctoi'this  cl.  plicatella 
l{aliiies(iuina  aft',  cainci-ata 
K.  cl.  alterui.sti'iata 
K.  eentriliiieata  ('.■') 

Stroiihomcna  spec.  iiov. 

Ct'eiiodoiita  aft.  levata 

At  a somewhat  lower  horizon  olive-gi'eenish  to  ocher-colored,  slightly 
gritty  shales  bear  a few  trilobites  and  Ijrachioiiods.’^  This  widely  dis- 
tributed hnt  meagei'  fanna  has  been  collected  in  many  places  below  the 
overlying  Tnscai'oi'a  fi'om  Eckville  westward,  and  is  lielieved  by  Stose 
to  he  an  interbed  in  the  lower  member  of  the  iMartinsbnrg.  In  this 
I'eport,  however,  the  practice  has  been  followed  of  mapping  it  with  the 
sandy  beds  immediately  below  and  the  heavy  sandstones  above  it  in 
the  middle  member.  East  of  the  Schuylkill  it  has  yielded  fossilts  at 
Eckville,  on  the  road  leading  west  over  Bine  iMonntain,  at  an  altitude 
of  1,100  feet,  and  at  a road  intersection  half  a mile  N.20°W.  from  the 
chni'ch  in  New  Ti'ipoli  (Handnii'g  (piadi'angle) . 

A small  collection  of  poorly  presei'ved  fossils  was  made  from  the 
sandy  beds  here  niapi)ed  as  middle  i\Iai'tinsl)nrg,  south  of  Point  Philli]) 
(Wind  Gap  (inadi'angle) , and  was  I'eferred  to  E.  O.  Ulrich,  who  pro- 
]]onnced  them  to  be  older  than  Pnla.ski,  and  probably  Trenton  in  age'-; 
blit  the  I'cfei'ence  may  well  be  doubted,  in  view  of  the  jiGor  state  of 
])reservation. 

In  genei'al,  it  may  he  said,  thei'efore,  that  the  middle,  sandy  memher 
ranges  in  age  from  Eden  (middle?)  to  Pulaski.  The  Eden  part  Stose 
would  ]]lace  in  his  “lower”  IMai'tinsbnrg,  reserving  his  “upper”  Mar- 
tinshiu'g  for  the  calcareous  sandstone  known  to  be  of  Pulaski  age.  In 
this  ]'e]]Oi't,  on  the  other  hand,  the  lower  line  of  this  snbdivksion  is 
di'awn  foi'  practical  ])nr])oses  on  a lithologic  basis,  at  the  first  appear- 
ance of  pi'ominent  sandy  beds.  The  top  of  the  middle  Martinsbnrg  is 
])laced  above  the  ma.ssive  sandstone.  The  writer  interjirets  the  heavy 
sandstone  of  »Shochai'y  Ridge  as  an  intercalation  from  the  west,  ]n'ob- 
ahly  rejn'e.seided  by  more  shaly  layei'S  east  of  Lehigh  River. 

On  the  Ilambiu'g  ipiadrangle,  about  half  a mile  east  of  the  raih'oad 
station  of  Greenawald,  is  a conical  monnd  called  Spitzenherg,  which 
rises  to  the  height  of  1090  feet.  The  lowei'  slojies  of  this  moinid  are 
underlain  by  I'ocks  tyiiical  of  the  middle  iMai'tinsbiii'g,  for  ]]encil- 
fi'actiu'ing,  olive-gi'ay  .slate  shows  at  an  altitude  of  about  940  feet  on 
the  western  side,  and  50  feet  lowei'  thei'e  are  discontinnoiis  exposures 
of  ma.ssive,  brownish-weathering  middle  iMartinsbnrg  sandstone.  Yet 
the  n])]]ei'  140  feet  of  this  hill  furnish  an  excellent  exposure  of  a 
coai'se,  heavily  cross-bedded  sandstone  with  interbedded  coarse  con- 
glomerate. The  lai'geist  cobbles  are  9 inches  in  diameter.  Most  of  the 
cobbles  are  Hat,  with  nneipial  diameter;  genei'ally  their  long  axes  are 


Siiniites  aft',  caiieellatns 
Lojjho.spii-a  aft',  olilicpia 
Tetraiiota  nigo.sa 
Li()sv>ii'a  aft’,  itrogne 
Leiiidocoleus  jainesi 
Aiiai'chites  ( '! ) .sp. 
Ctciiobolbina  ciliata 
( 'alynieiie  siJ. 

I’l'Detus  si>. 


’■Stose,  G.  W.,  op.  cit.,  pp.  1140,  043,  G51. 
- Sto.se,  G.  W.,  op.  eit..  p.  053. 


MIHDLK  .MAUTlXSnnu;  -MI-LMIIKK 


14:: 


inclined  to  the  horizontal  and  ai'e  pai'allel  to  the  crossd)eddin>i'  in  llic 
sandy  matrix,  tlie  ai'ranyement  siiyyt'stiny  tores(*t  beds  in  a ilelta.  The 
eohhles  are  chielly  limestone;  some  show  close  ci’ossdx'ddiny,  ami  lilho- 
loyically  resemble  the  ]’>eekmantown  ; most  are  a tlense,  dolomitie  lime- 
stone suggest iv(‘  of  the  (hmococheayiu* ; a few  ai'C  of  a pink,  sandy 
limestone  wholly  different  from  other  I'ocks  exposed  in  this  reyion. 
Kare  chips,  partly  rounded,  of  red  clay-slate  ai’e  also  found  and  a few 
still  rarer  cpiartz  ])ehbles.  The  matrix  in  Avhich  these  cobbles  ai-e  im- 
bedded, as  well  as  the  interbeds  of  sandstoiu',  are  made  u|i  of  coai'se, 
o'l'eenish  yray  sand  not  very  different  from  some  facies  seen  (dst'where 
in  the  middle  membei-  of  the  IMai'tinshnry,  both  meyaseopically  and 
microscojiically : the  cxmient  between  the  sand  yrains  consists  laiyely 
of  calcite,  to  a minor  deyree  of  muscovite;  the  yrains  are  biyhly  variable 
as  to  foian,  some  being’  well-ronnded  and  others  sharply  angnlai’;  a 
noticeable  (piantity  of  felds])ars  (Imth  ])lagioclase  and  microcline)  is 
present;  and  the  (piai’tz  grains  show  few  strain-shadows  and  do  not 
ijiterlock  through  secondary  growth  to  any  marked  degree. 

The  structure  of  this  immediate  region  is  not  easily  d(‘ci|)hei'ed. 
Stose’  inter]n'ets  the  limestoiu'  conglomei’ate  as  overlying  nnconfoi'in- 
ably  the  Alartinshnrg  strata  that  ontci’op  at  lower  altitudes.  The 
sandstone  and  conglomerate  at  the  top  of  Rpitzeid)erg  have  an  average 
strike  of  N.b()°E.,  and  dij)  8 '-12°NW.  Several  ex])osnres  of  typical 
ndddle  IMartinsbni’g*  rocks  on  the  road  and  railroad  W(‘st  of  Spitzen- 
berg  strik'e  similarly  ( X.()5°-7()°  E. ) but  di])  variously  from  00°  1o 
87°SE. ; com])ai’able  steep  southeasterly  dips  ai'e  seen  in  typical  middle 
i\lartinsbnrg  sandstone  one  Hide  east  of  Spitzenlxn'g.  The  limestone 
conglomei-ate  on  the  cia'st  of  Spitzenberg  is  thus  not  accordant  with 
the  I’egional  strnctni’e.  In  view  of  this  fact,  coni)led  with  its  nnnsnal 
lithologic  character,  the  Spitzeidxn-g  conglomerate  can  only  be  refei’i’(Ml 
10  the  middle  IMartinsbnrg  with  serious  reservations,  a ])i’0cednre  never- 
theless followed  in  this  report  for  want  of  a bettei’  intei'])retation.  It 
might  be  thongkit  to  represent  a droi)p<Hl  or  infolded  outlier  of  the  Tns- 
carora  conglomerate,  but  there  is  even  less  agreement  lithologically  with 
the  t.vpical  facies  of  this  rock  than  with  the  finer  conglomerates  and  the 
arkosic  sandstones  of  the  middle  IMartinsbnrg.  Perhaps  future  de- 
tailed geologic  mapping  may  demonsti’ate  its  age  to  he  Tria.ssic,  and 
its  origin  to  be  like  that  of  the  Ti’iassic  fanglomerat('S  I'eported  by 
Stose  from  areas  that  are  similarly  situated  in  ])oint  of  sti’nctni'e  and 
physiography  farther  southwest.-  It  should  be  mentioned,  however, 
that  similar  limestone  conglomerates  are  known  to  occur  in  rocks  of 
ajnu’oximately  the  same  Ordovician  age  in  Orange  (Vninty,  Xew  Yoi’k'' 
and  in  Rensselaer  (tonnty  in  the  same  State. ^ 

I’ppri-  M(triiusl)ni‘<i  iiieiiiher.  As  stated  on  a ])revions  jiage  the 
rocks  here  ma])ped  as  the  npp(‘rmost  membei’  are  regardi'd  by  Stose’ 
as  the  hnvest  memlier  of  the  i\Iartinsbnrg  rejieated  by  folding  and 
(iitt'ering  from  the  latter  because  they  have  suffered  less  inetamoi’phism. 
As  Stose’s  interin-etation  is  not  established,  and  as  the  lithologic  and 

^ 0|).  fit.,  lip.  ii.'in-fi.-i . 

- StdSf.  (!.  W.,  Uost-l 'rftiiffiiiis  faulting  in  tlif  .\|i|ialaf[iiaii.«:  ticnl.  Sof.  .\iii.  IPill. 

vol.  38,  pp.  497-498,  1927. 

■•Hies.  Ufiiirifli.  Report  on  tile  t;eolo(;y  ot  Oranpe  t'oiiiitv,  Xew  Yorlc:  X Y Slati' 

Kept.,  vol.  49,  no.  2,  189.7,  p.  401. 

' Ruedeniann,  Rnilolpli,  Trenton  eoiiKlonierate  of  Rv.seiloriih  Hill  apil  it.-^  fauna;  X. 
Y.  State  Mus.,  Hull.  49,  pp.  U3-1I4,  1901, 

“Op.  fit.,  p.  C57. 
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PLATE  2!». 


A.  lilocks  of  typical  middle  Martinshm-o'  sandstone  used  as  buildinf* 

stone. 


limestone  conf>loim“iate. 


B.  Boiddec  of  Spitzenbe 


' 


I rri;u  .MAK'riNsi!ri;(; 


1 1" 


IM.ATIO  ;j<». 


A.  AVi-iiikltMl  lower  surface  of  a sandy  layer  in  a (|narr.\  in  tin'  ni>|K>r 
Martinsbnrf;';  the  beds  are  overturned,  ilippin*;  s(ee|>l,\  to  the  rij;bi  ; 
not<‘  wave-like  surface  alons  which  next  lower  Ix-d  bi-c'aks  fi-ee,  to 
rijiht  of  center  of  photooraph. 


1{.  Handinfi  in  soft  slate,  <iuarry  nt'ai'  Slat<‘dale:  width  sho\Mi,  about 

21  ► fet't. 
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structural  evideuee  seems  to  tlie  writer  to  oi)pose  it,  they  are  treated 
]ier('  as  a separate  memher. 

This  part  of  the  iMartinshuro’  formation,  commonly  called  the  “soft” 
slate,  consists  of  three  facies, — (1)  beds  of  lilne-gray,  very  sandy,  al- 
most ((nartzitic  slate,  in  many  ])laees  approximately  a medinm-coarse 
sandstone  with  calcareous  cement,  (2)  bine-gray  sericitic  slate — the 
dominant  rock  type  of  this  memher — with  occasional  rare  chloritic 
beds,  and  (3)  dark  gray  or  virtually  black,  highly  carbonaceous  beds, 
referred  to  popularly  as  “riblmns.  ” These  types  of  sediment  gener- 
ally alternate  in  a definite  order, — a sandy  bed  below,  followed  in  turn 
by  a sericitic  and  then  by  a carbonaceous  layer,  though  one  of  these 
may  he  omitted.  Alternation  of  these  facies  gives  a banded  effect  like 
that  in  the  “hard”  slate  or  lower  member  of  the  IMartinsbnrg,  exeejh 
that  individual  layers  are  thicker.  Thus,  in  the  lower  Martinshnrg 
single  beds  seldom  exceed  six  inches  in  thickness,  whereas  in  the  “soft” 
slate,  or  upper  IMartinsbnrg,  beds  up  to  five  feet  thick  are  very  com- 
mon, and  thickne.sses  of  as  much  as  fifteen  feet  occnir. 

Relative  thicknesses  of  a .series  of  btals  are  sufficiently  distinct  to  make 
an  accurate  con-elation  over  ajjpi'eciable  distances  possible.  The  se- 
(pnnice  is  desci'ibed  in  detail  under  “Detailed  Stratigraphy  of  the  Soft 
Slate,”  page  18-1. 

'two  beds  of  greenish-gray  chloritic  slate  are  sufficiently  continuous 
1o  s(')‘ve  as  horizon  markers.  They  evidently  represent  layers  of  im- 
pni-e,  calcai-eons  and  probably  also  ferruginous  mud  dei)osited  in  the 
IMartinsbnrg  sea.  The  qnarrymen  call  them  “Gray”  beds.  They  ai-e 
I nrther  discussed  in  connection  with  con-elation  problems  on  page  192. 

The  sandy  IxmIs  mentioned  as  one  of  the  three  jn-ominent  constitn- 
erds  of  the  “soft”  slate  rarely  approaMi  the  heavier  slate  beds  in  thick- 
ness. They  |)resent  the  appearance  in  ininiatnre  of  the  basal  sand- 
stone that  should  he  anticipated  beneath  a shale  where  the  order  of 
sedimentation  is  that  consonant  with  the  renewal  of  a sedimentary 
cych*.  They  ai-e  almost  invarialdy  followed  in  deposition  by  excep- 
tionally thick  beds  of  the  lighter-colored  ])hase  of  slate,  as  though 
ther(‘  wei-e  indeed  a genetic  i-elation  between  the  two.  This  relation  is 
shown  in  the  following  exam])les: 


(Uunpurison  of  thickness  of  slate  and  sandstone  tapers 


Xaiiic  (if  lied 

I’.if;'  IhmI.  Alliion-P.an^oi'  (luarry  

tSiu'  lied.  Phoenix  ((iiarry 

Pdf;  lied.  Phoenix  (|narry  • • • 

Ileil  bed.  X(‘\v  l>iainond  (|nai’)'y  

P>if;'  li(‘d.  Xorl hainiifon  (|narry  

P.ijr  bed.  .Norlhainiifdn  (|nai'i-v  

Middle  bi^  bed.  Colnmbia  P>anKoi’  (inarry  

North  P>anf;or  No.  3 bi^'  bed,  P.an,i;(ir  Vein  (|narry 
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Occasionally,  as  in  the  case  of  the  Genuine  big  bed,  Par.sons  qnarr.y, 
an  alternation  of  light  and  dark  beds  intervenes  between  the  Muck 
light  gray  and  the  sandy  beds.  Again  occasionally  a thicker  haid 
]-oll”  will  he  followed  by  an  unexpectedly  thin  bed  of  light-colored 
slate.  These  are,  however,  exce])tions. 

In  some  instances  intrafoi-mational  unconformities  are  seen  beneath 
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such  .sandy  layers,  as  shown  in  Fiyni-e  44.  Fi-e(|ueiitly  also  llio  sandy 
beds  show  crossdjedding  and  ri])])h‘  iiiai'ks,  tin*  enrrent  yenoi'ally  coiii- 
ing'  from  the  east, — a faet  whieh  may  obviously  he  nsed  in  deteriiun- 
ing  whether  beds  are  in  the  iioimial  position  or  inverted  (se(‘  Figure 
45). 


Fig.  44.  liitral'oi'iiiational  iineoiil'oriiiil.v  in  l)l<iek  ol'  slate  |■|■()ln  Kiii- 
n<‘y  <|iiari'.v;  tli<“  lower  Ix'ds  w<“re  eroded  lt(*t'or<‘  dt^positioii  of  tli(“  sandy 

stratiiiii  above. 


c- 


s/aty 

lam/nafe^sandyj^ 
andstafy  -- 


I 

\ 


Fig.  4.5.  A.  Sketch  slunving  ei-oss-bedding  in  sandy  lasers  in  slate; 
the  laminae  dip  west;  P!n)eiii.v  (iiiarry.  15.  Sketch  showing  irr(‘g- 
iilarities  in  bedding  suggestive  of  shallow  water  deposition;  slat(' 
from  the  Consolidated  No.  1-Star  ((iiarry.  C.  Hippie  marks  in  sandy 
layers;  the  beds  are  invert<‘d;  tin-'  current  came  from  the  left  (east); 

Hangtsr  4’ein  (juarr.v. 


The  rliythnue  se(iuenee  of  light  and  dark  beds  in  the  slate  district 
has  generally  attracted  the  attention  of  geologists.’  Careftd  tneasnre- 
ments  by  the  writer  liave  shown  that  no  imle  governs  the  I'atios  be- 
tween the  thickness  of  dark  beds  and  succeeding  light  ones.  Farrell 

^Cf.,  tiarri'll,  .To.sppli,  Khytliiiis  and  the  iiK'a.^iirpnicnts  of  gPOlOKic  tiiiia:  (ii'ol.  Suf. 
linll.,  vol.  as,  |ip.  .s(i:!-s(l4,  PI.  4::,  1917. 
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thought  the  iiornial  .se(jueuee  consisted  of  very  dark  beds  followed  by 
sandy  layei’s;  this  he  attributed  to  settling  in  saline  water  after  storms, 
the  more  muddy  matter  agglutinating  before  the  sands  came 
down.  \'ery  |)]'obably  tlie  cause — that  is,  differential  settling  after 
storms — is  correctly  divined,  but  clearly  the  sequence  was  purer  mud 
followed  by  carbonaceous  clays — the  reverse  of  Itarrell's  idea.  The 
most  surprising  featin-e  is  the  sharpness  of  the  line  separating  ditfering 
layers.  This  suggests  marine  sedimentation,^ 

Other  irregnlarities  in  sedimentation  are  shown  in  Figui'e  46.  They 
i-e])resent  ii'egnlai'ly-shaped  fragments  of  beds  in  a matrix  of  another 
lithologic  ty])e.  These  cases  are  divisible  into  two  groups, — one  in 


Fit".  4<i.  A — (t  Sketches  showing  ii'i'egiilai'itics  in  bedding  in  the 
c;ii'l)onaeeoHS  layers  of  slate  suggestive  of  inlraforinational  con- 
gloinei-ates;  It.  is  from  the  Itangoi-  t'entral  (juarry,  A.  and  C.  from 
the  North  Bangor  (luarry.  I).  Irregularities  in  slate  from  Consoli- 
dated No.  1 -Star  <inarry.  All  unshaded  parts  are  of  normal  light  slate 
color,  e\cei>t  as  indicated. 

which  the  isolated  ])ieces  are  lenticnlar  and  the  subjacent  beds  shotv 
no  gai)s  into  wbicli  they  might  tit;  the  other  where  the  isolated  jiieces 
ai'e  shai'|)ly  angular  at  their  ends  and  ap|)ear  torn  From  their  original 
position  by  sliglit  tectonic  movements.  Both  of  these  typeis  of  frag- 
ments ai'e  illusti'ated  in  the  drawings.  They  may  be  due  to  one  of 
three  ])i-oc(*sses : (.1)  small-scale  faulting  after  all  the  beds  were  well 

consolidati'd  and  had  long  l)e(m  laid  down,  (2)  iri'egularities  in  pri- 
mai-y  (hqiosition,  or  (3)  sluminng  oi'  other  settling  movements  inci- 
dental to  |)rimai'y  deposition  bnt  taking  ])lace  after  sufficient  harden- 
ing of  the  deformed  layers  to  permit  them  to  act  as  competent  beds. 
In  most  eases  the  latter  seems  to  l)e  the  best  exi)lanation,  but  the  oc- 
casional bakes  of  black,  highly  carbonaceous  material  which  lie  in 
])laces  imbedded  in  slate  of  a total Ij'  different  color  and  nature  may 
rejiresent  mere  irregularities  in  de])osition. 

Locally  in  this  u])]ierniost  member  of  the  iMartinsburg  formation 
tliere  are  beds  of  pure  calcite,  now  coarsebv  crystalline.  They  are  gen- 

^ Kindlo,  K.  M.,  r)iag‘iiosti(‘  oliaractori.'^tics  of  marine  elastics:  Geol.  Soc.  Am.  Bull., 
VOl.  28,  lip.  007-908,  1917. 
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erally  very  thin,  seldom  more  than  liali'  an  ineli.  Tlie  i[uai'rymen 
speak  of  them  as  “silver  I’ibhons”  oi',  vlien  the  slate  breaks  pai'allel 
to  them,  as  “loose  ribbons.”  Ixarely,  as  in  the  bottom  of  the  daekson- 
l^ang'or  No.  6 quarry  at  Pen  Argyl,  have  they  been  minutely  fraeturetl. 
These  ealeareons  laminae  are  important  from  the  struetural  viewpoint 
because  movement  between  beds  conumndy  took  place  along  such  “sil- 
ver ribbons.” 

One  of  the  interesting  oliservations  in  the  region  is  the  disa])peai'- 
ance  of  the  upper  member  Avestward.  Obviously  its  total  thickness  <le- 
ci‘ea.ses  toward  the  Avest,  although  there  is  uo  recognizable  falling  off 
in  the  thickness  of  individual  beds  in  that  direction.  This  fact  is  only 
explicable  by  assuming  that  an  angular  unconformity  at  the  top  of 
the  Martinsburg  truncates  the  beds,  carrying  the  upper  limit  of  the 
formation  prog’ressively  loAver  and  lower  in  the  scaiuenee.  In  other 
words,  after  the  iMartinsburg  Avas  laid  doAvn,  it  Avas  uplifted  and  sub- 
.iected  to  erosion,  in  such  a Avay  that  in  Avhat  is  uoav  the  region  of 
Schuylkill  Ga])  the  uplift  and  erosion  Avere  greater  than  at  Lehigh  and 
HelaAA’are  Gaps  and  more  of  the  formation  aauis  Avorn  aAvay  here  than 
farther  east.  Indeed,  the  erosion  immediately  folloAving  the  iMartins- 
burg apparently  Avent  so  far  at  Eckville,  northeast  of  Hamburg,  as  to 
remove  all  traces  of  the  ut)i)er  iMartinsburg  in  the  neighlAorhootl, 
though  recognizable  thicknesses  of  this  member  are  i)resent  in  the  Le- 
high River  and  DelaAvare  River  sections.  In  the  Lehigh  River  section 
the  total  thickness  as  estimated  by  the  Avriter  is  about  2d.’)o  feet,  Avhere- 
as  Sanders,  Avith  less  data  available,  made  the  thickness  api)roximat(dy 
152!)  feet.^  In  arriving  at  the  lattei-  tlgure  Sanders  recognized  a 
fault"  Avhich  the  Avriter  canuot  accept.  If  this  fault  is  not  alloAved  for, 
Sanders’  figure  is  materially  iiicreased. 

Along  the  Little  Bushkill,  in  Northampton  County,  Avhere  a jAoorly 
exposed  section  Avas  measured  by  the  Avriter,  the  thickness  of  this  rmmi- 
ber  appears  to  be  4415  feet,®  but  the  exposures  here  ai'e  discontinuous 
and  the  measurement  may  Avell  l)e  vitiated  by  repetition. 

On  the  basis  of  these  observations  the  thickness  of  the  upper  !Mar- 
tiusburg  in  eastern  Lehigh  and  in  Northampton  counties  may  be  about 
2600  feet;  reasons  for  believing  in  a AvestAvard  reduction  to  0 in 
central  Perks  County  have  already  been  given. 

As  to  age,  there  is  little  definite  evidence.  If  the  sandy,  middle 
iMartinsburg  represents  the  loAver  iMay.sville,  then  the  “soft”  slate  is 
best  regarded  as  of  middle  Maysville  or  later  age, — that  is,  in  the 
Cineinnafi  arch  section  it  Avould  be  the  time  e(piivalent  of  Fairmonnt 
or  MciMillan  or  possibly  even  younger  in  ])art ; no  stratigiaiphic  break 
is  recognizable  between  it  and  the  subjacent  middle  memljer, 

TUSCAROBA  OB  MEDINA  EORMATION. 

The  formation  immediately  above  the  iMartinsburg  is  a Avell- 
eemeuted,  coarse  quartzite  Avith  conglomerate  layers  and  local  thin 
interbeds  of  someAvhat  slaty  shale.  In  the  gaps  on  the  l)(*laAvare  and 
Lehigh  rivers,  this  is  the  basal  rock;  it  Avas  s])oken  of  as  the  Oneida 
conglomerate  by  the  Second  Survey  and  said  to  be  about  500  feet 


Sanders,  R.  H.,  Geology  of  Lehigh  and  Xorthaiiiidon  Gounties:  Pennsylvania  Second 
GeoL  Survey,  Kept.  D,  vol.  1,  pp.  liU,  i:36,  1883, 

-Sanders,  R.  H,,  op,  eit.,  p.  l.A.A  (figure). 

“ Behre,  C.  II.,  .Tr.,  Slate  in  Xorthanipton  C'ounty,  Pennsylvania;  Pa.  'I'oii  and  Geol 
Survey,  Bull.  11  U.  p.  34,  l<>-27. 
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SLATE  IX  I’EXXSYLVAXIA 


1‘IjATE  31. 


A.  Tiiscarora-Maitiiisburo  contact,  cast  bank  at  Jjeliigh  (ia]>;  tbe 
talus  slope  ef>vers  llie  .Alartiiisbiiiit,  exee))!  in  tbo  ui)])ei'  i’ailia>ad  eiit. 


J{.  I’alus  stream  of  blocks  from  'I’liseai’ora  elilfs,  in  valley  three  miles 
west  of  I’iniiaele,  Hamburg'  quadrangle. 


TU SCAROJLV  FOKMATK  tX 
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thick. Above  this  is  a vhite,  pure  (juartzite  and  (jiiartz  conglonier- 
ate,  Avhich  weathers  in  white,  light-gray  or  faintly  piidcish  colors.  This 
massive  rock  generally  forms  the  crest  of  IMne  IMountain  and,  throngh 
its  outcrops  in  an  otherwise  soil-covered  country,  as  well  as  throngh 
the  sharp  relief  that  marks  its  presence,  affords  a much-desired  clue 
to  the  structure  of  the  mountain  ridge. 

At  the  Rchuylkill  gaj)  a fault  Inungs  tlie  up])er,  white  (|uartzitc 
member  of  the  Tuscarora  directly  against  the  iAIartinsburg  formation 
vuthont  the  intervention  of  the  lower  conglomeratic  (piartzite. 

Locally  the  purer  (piartzite  beds  in  the  upper  ])art  of  this  formation 
are  quarried  for  sand,  es])ecially  upon  partial  disintegration  ; a sand 
pit  thus  developed  is  half  a mile  due  north  of  where  the  road  leading 
westward  from  Eckville  crosses  Blue  Mountain,  in  the  Hamburg  (piad- 
rangle.  Mhen  fresh,  the  rock  is  sometimes  used  for  building,  for 
which  luirpose,  though  very  hard  and  hence  worked  with  gi'cat  diffi- 
culty, it  is  well  suited;  talus  blocks  are  then  ])referred,  as  their  use 
obviates  intensive  quarrying.  In  parts  of  Pennsylvania  some  of  the 
beds  of  the  Tuscarora  find  favor  as  ganister,-  hut  none  is  so  utilized 
in  the  region  here  described. 

The  thickness  of  the  formation  was  not  measured,  as  the  area  map- 
ped does  not  extend  over  the  entire  width  of  its  outcrop.  Xor  was 
evidence  obtained  heai'ing  on  its  age  and  coiuelation.  There  is  fairly 
general  agreement  in  referring  the  ivhite  (piartzite  and  subjacent 
quartz  conglomerate  to  tire  ►Silurian ; Grahau^'  so  regarded  it,  as  the 
result  of  his  studies  in  central  Pennsylvania,  and  iSchuehert,'^  in  Ids 
summary  of  the  sequence  in  the  southeastern  part  of  the  state ; Bassler® 
in  Maryland  assigned  the  lithologically  and  stratigraphically  similar 
Tuscarora  quartzite  to  the  .Silurian  and  recently  Plricli  has  reaffirmed 
his  acceptance  of  the  .Silurian  age  of  the  Tuscarora  or  white  quartzite 
and  quartz  conglomerate  at  Delaware  and  Lehigh  gaps.®  Thus  the 
Tuscarora  conglomerate  and  (piartzite,  taken  together,  may  be  defi- 
nitely referred  to  the  .Silurian  period. 

Farther  west,  beyond  .Schuylkill  PiAuu-,  other  rocks,  as  to  the  corre- 
lation of  Avhich  there  has  been  much  discussion,  aiiiiear  between  typical 
Martinsburg  and  the  Tuscarora  ; these,  hoAvever,  need  not  be  con- 
sidered here. 


PLEISTOCENE  DEPOSITS. 

Over' much  of  the  area  there  are  unconsolidated  surface  deposits, 
of  a someAidiat  unusual  nature.  These  are  known  to  have  been  left  by 
the  great  glaciers  of  the  Pleistocene  or  “Great  Tee  Age.”  They  are 
distinguished  from  river  deposits,  with  which  they  are  most  subject 
to  confusion,  by  the  folloAving  features : 

1.  The  generally  suhangular  yet  smooth  shaiie  of  tlieir  boulders, 
in  contrast  AAuth  the  rounded  boulders  characteristic  of  stream  deposits. 

2.  The  composition  of  the  boulders:  many  of  them  are  rock  types 

Lesley,  J.  P.,  Siiinmary  dcseriiition  iif  the  tteology  of  Penn.sylviinia : Pennsylvania 
Second  Geol,  Survey,  Pinal  report,  vol.  I,  pn.  (i.'in-td:!,  189'i. 

-Moore,  E.  S.,  and  Taylor,  '1'.  G.,  Silica  refractories  of  Pennsylvania:  Pa.  Top.  and 
Geol.  Survey,  Bull.  M 9,  p.  is,  1!)24. 

((  Grahau,  A.  W.,  I’he  Jledina  ami  Sliawanyunk  prol.Icnis  in  Pennsylvania:  Science,  N. 
S.,  vol.  XXX,  p.  41.'>,  IflO!)-. 

"(  Seliuehert,  Charles,  Silurian  formations  of  southeastern  New  York,  New  .Jersey,  ami 
Pennsylvania:  Geol.  Soe.  Am.  Bull.,  vol.  27,  p|i,  54.7-.74S,  iPlfi, 

® Bassler,  R.  S.,  Cainhrian  and  Ordovician:  Jlaryland  Geological  Survey,  p.  173,  1919. 

((Ulrich.  E.  C).,  Written  communication,  1927. 
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PLATE  32. 


A.  (Jravcl  al  ]>it  near 


Ylartins  rreek,  typical  of  some 
burden  of  tlie  slate. 


of  the  over- 


IL  (d.'icial  Ixnilder  front  overburden  near  Ib'rlinsville;  note  sub' 

aimiilar  shape. 
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foreign  to  the  region,  sneli  as  granite,  seliist,  and  the  like,  hence  can- 
not have  been  derived  hy  the  wearing  away  of  tlie  local  country  rock 
by  streams. 

3,  The  arrangement  of  the  material,  in  wdnch  honidei’s,  sand,  and 
clay  are  frequently  mixed,  with  no  detiidte  assortment  or  deposition 
in  beds,  such  as  in  stream  materials. 

■f.  The  distribution  of  the  deposits,  which  is  pateliy,  not  following 
definite  channel  oiitlines,  as  do  gravel-bars  or  sand  beds  laid  down 
by  streams,  hnt  generally  collected  in  discontinuons  areas. 

5.  The  topographic  form  a.s.sumed  by  the  deposits:  they  are  gen- 
erally mounds,  which  may  he  either  I'onghly  ecpudimensional  oi‘  <h‘ti- 
nitely  elongated  in  gi-onnd  ])lan  ; between  the  mounds  are  comniotdy 
discontinuons,  undrained  depressions  or  "kettles.” 

Deposits  of  this  type  appear  in  various  jtarts  of  the  i-egion.  In 
many  localities  they  grade  more  or  less  into  stream  deposits,  because  in 
such  ]daces  the  major  coutrihution  was  made,  not  by  the  ice  directly, 
but  bj"  the  streams  that  flowed  out  from  its  front. 

From  Pen  Argyl,  in  the  central  ]iart  of  Koi-thampton  County,  a 
recognizable  terminal  moraine — the  material  dejiosited  at  the  immedi- 
ate front  of  the  ice — extends  .southeastward  to  near  Pelvidei'e,  whei'e 
it  crosses  the  Delaware  into  Xew  Jersey.  Thronghout  this  coTirse  it 
has  a characteristic  "hill  and  kettle”  to])Ogra])hy,  and  consists  of 
mounds  of  gravel  and  boulder  clay.  ()n  the  Delaware  AVatergap  sheet, 
it  is  clearly  marked  as  a series  of  irregular  hillocks  averaging  30  feet 
in  height,  in  the  valley  of  Delaware  River,  one  mile  southwest  of  Pel- 
videre.  AVestward  from  Pen  Argyl  this  moraiiie  was  not  traced  in  the 
course  of  the  studies  hei-e  re]iorted,  hut  as  far  west  as  Xew  Triimli  in 
Lehigh  County  glacial  deposits  are  fairly  heavy,  though  not  as  thick 
as  from  Pen  Argyl  eastward.  From  Xe^v  Tripoli  westward  all  the  way 
to  Schuylkill  River,  and  southward  from  Shochaiw  Ridge  the  ghudal 
deposits  are  scanty  oi-  are  wholly  lacking;  if  present  at  all  they  are 
so  thin  as  to  have  little  or  no  hearing  on  the  possible  (ptarrying  of  the 
slate. 

TAI.US  MATERIAI.. 

P)roken  rock  fragments  from  the  cliffs  of  Tuscaroi-a  (piartzite  and 
sandstone  on  P)lue  Afountain  have  accumnlated  on  the  northern  paih 
of  the  area  underlain  l)y  the  Afartinshui-g  formation.  This  matei'ial  is 
known  as  talus.  It  attains  a noteworthy  thickness  oidy  close  to  Dine 
Alountain. 

In  the  heads  of  .some  of  the  smaller  valleys  leading  south  from  P>lue 
Alountain  .such  large  talus  blocks  of  Tuscarora  quartzite  are  idled  to- 
gether in  masses,  locally  forming  rock  streams  lialf  a mile  wude  and 
twice  as  long.  These  may  represent  glacial  accumulations,  hut  in  view 
of  the  angular  form  of  the  blocks,  they  are  more  pi'obably  sim]dy  ag- 
gregates of  talus  pieces  which  have  fallen  into  the  valley  from  the 
semicircular  wall  of  rock  at  the  valley  head.  The  best  exam|)les  are 
to  be  seen  in  the  upper  valley  of  Pine  (Areek  about  two  miles  southwest 
of  Eckville  and  in  the  heads  of  seveiad  of  the  smaller  valleys  that  drain 
the  south  .slo])e  of  Blue  Alountain  immediately  north  of  llamburg. 

Prom  the  slate  quari-ymen ’s  viewqtoint  these  talus  accumulatious  ai'c 
of  im])ortance  only  where  they  form  an  a])preciahle  cover  above  the 
slate. 


S'LATE  !X  I'ENXSYLVAXIA 


ir.4 


STRUCTURE 

GIIITEIIAI.  ASPECTS. 

The  region  sho-ws  a monocline,  striking  about  A’'.60°E.  and  dipi)ing 
nortlnvest  at  a low  angle.  Within  this  there  are  nunierons  folds, — 
some  open,  others  closed,  some  with  axial  jdanes  upright,  others  with 
axial  ])lane:s  slightly  tilted,  strongly  tilted,  or  in  some  cases  actually 
recumbent.  In  the  quarrying  these  smaller  folds  are  conspicuous  and 
highly  important  in  guiding  operations. 

Several  thrust  faults  of  larger  dimensions,  the  strikes  of  which 
roughly  parallel  the  trend-lines  of  the  folds,  are  known,  especially  near 
Portland,  at  the  eastern  end  of  the  district,  and  at  Eckville  near  the 
western  edge.  Some  small  faults  that  have  been  studied  in  detail 
strike  approximately  at  right  angles  to  the  thrusts  and  have  stee])ly 
dipping*  i)lanes  and  slight  displacement,  largely  horizontal. 

Detailed  consideration  of  structures  in  any  special  region  is  given  in 
the  desei'iiition  of  the  corresponding  quarries,  the  vertical  sections,  the 
geologic  ma]),  and  the  section  on  the  effect  of  structural  features  (pages 
] 04-195. 

FOLDING. 

Types.  Close  folding  is  the  characteristic  feature  of  the  Martinshurg 
formation  in  the  Lehigh-Northampton  district.  Indeed,  the  close  fold- 
ing, the  scarcity  of  extensive  outcrops,  and  the  lack  of  good  horizon 
markers  make  it  ])rohable  that  the  detailed  structure  of  appreciable 
])arts  of  the  district  has  yet  to  be  'worked  out. 

The  sinqilest  folding  is  that  in  which  the  axial  planes  are  vertical  or 
nearly  so  and  in  which  the  limbs  are  not  greatly  compressed,  so  that 
the  o])ening  angle  of  the  fold  is  slight.  There  are  no  good  illnstrations 
of  such  simpler  folding,  but  the  Old  Cambridge  cpiarry,  half  a mile 
nortlnvest  of  Slatington  illusti'ates  a fold  dip])ing  65°  to  the  horizontal 
and  having  an  opening  angle  of  about  80°  between  the  limbs  (see 


Fig.  47.  View  of  fold  in  Caniln  idge  quarry,  Slatington,  as  seen  from 
middle  of  southwest  side;  the  fold  is  flattened  slightly,  hecause  viewed 

from  above. 


Fig.  47).  Similarly  the  Pittston,  P>lne  Valley,  and  Eureka  quarries,  a 
mile  northwest  of  Slatington  slunv  folds  the  axial  planes  of  which  dip 
southeast  about  65°,  but  the  fold  limbs  are  nearly  xiai'allel  and  diverge 
l)y  oidy  10°,  if  at  all  (see  Fig.  48).  The  IManhattan  quarry  at  Slatedale, 


FOLDING 


Willi  oi'  the  Eurekit  <|uai-r,v,  near  ,S1aiiiif*t<)ii;  eleavaoe  shows  as  oblique 
lines  from  upper  left  to  lower  right;  the  beds  are  thrown  into  ii 
southerly  iintioliue  and  ii  northerly  syneline  with  pitch  of  iixiiil  jihines 

to  the  south. 

2^/4  miles  west  of  Slatington,  shows  an  anticline,  the  axial  plane  dijiping 
45°S.E.  and  the  limbs  diverging  about  (15°  (.see  Pig.  -lit). 

(Many  of  the  folds  are  more  highly  tilted  than  those  .inst  meidioned, 
the  axial  planes  virtually  a])proaehing  the  borizoidal.  Tims  the  Albion 
quarry  at  Pen  Argyl  shows  a fold  with  horizontal  axial  plane,  the  limbs 
of  which  nevertheless  diverge  a])proximately  80°.  The  <)ld  Bangor 
syneline  at  Bangor  shows  in  several  (piarries.  Its  axial  i)lane  is  hori- 
zontal or  nearly  so  wherever  observed,  bnt  the  limbs  diverge  A'arionsly ; 
northerly  ex])osnres  show  an  opeidng  angle  of  abont  110°  ( North  Ban- 
gor No.  3 quarry),  Avhereas  sontherly  ones  opien  only  aliont  oO®  (Old 
Bangor  quarry). 


Fig.  49. 


It  is  a surprising  tact  that  the  limbs  of  folds,  overturned  even  to 
the  point  where  their  axial  ])lanes  are  horizontal,  show  no  tendency  to 
approach  each  other  more  closely  than  where  the  axial  planes  are  up- 
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PLATE  34. 
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Structiue  sections  across  slate  belt  of  western  part  of  Leliisb- Xorthainpton  district,  Pennsylvania.  Letters  refer  to  corre- 
si)onding  letters  on  max),  I’late  25.  Scale  slightly  more  than  I2  x scale  of  Plate  2o. 
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right.  The  beds  aeeuininodate  tiieniselves  to  this  relation  hy  v(*i-y  ex- 
tensive thickening'  in  crests  and  tronglis.  llecanse,  to  jndge  hy  the  oi)en- 
ing  angle  of  the  limbs,  the  thickening  is  the  same  whether  the  fold  axis 
is  horizontal  or  nearly  vertical,  there  are  strong  reasons  for  Ix'lieving 
that  most  of  the  folds,  as  first  develo])ed,  had  essentially  vertical  axial 
])lanes  and  that  the  tilting  of  the  axes  was  a later  episode  in  the  dia- 
strophic  history  of  the  iMartinshnrg  formation. 

Pitch  in  folds.  All  of  the  folds  in  the  Lehigh-Xorthami)ton  district 
have  iiitcli.  In  cases  where  the  folds  have  axial  i)lanes  that  ai'e  nearly 
vertical,  the  effect  of  the  pitch  is  to  impart  to  the  trace  of  the  fold, 
when  ])lotted  on  the  horizontal  ])lane,  a “canoe-shaped”  ontcroj).  In 
snch  a structure  the  beds  will  nowhere  attain  actual  horizontality.  for 
even  on  the  ci'est  of  the  fold  thei'e  is  a dip  in  the  direction  of  the  pitch. 

A far  more  comjdicated  situation,  however,  is  ])resented  where  the 
axial  jilane  is  horizontal  or  nearly  .so.  If  the  ])lane  of  the  .surface  and 
axial  i)lane  are  parallel  the  ontcro])  line  is  sini])le,  hut  if  the  two  planes 
intersect,  the  outcrop  lines  are  curved  and  a reversal  of  dip  along  the 
strike  may  result.  An  illustration  is  furnished  hy  the  American  Itangor 
and  Bangor  Southern  quarries  IVi;  ndles  .southeast  of  Batigor.  At  the 
Bangor  Southern  the  sti'ata  .strike  X.r)7°E.,  and  dip  approximately 
2.')°  X.AV.;  at  the  Amei'ican  B)angor,  about  900  feet  (*ast,  the  strike 
averages  X".65°E.  and  the  dij)  about  20°-25°S.E.  This  relationship  is 
explained  hy  Figure  50. 


Fi}>.  .50.  Fold  with  hori/.ontal  oi-  I'entl.v  (lipping  axial  plane:  to  illus- 
trate etl'eet  ))iteh  on  line  of  outcrop  and  direction  of  dip.  heft 
figure  .shows  fold  with  hori/.ontal  axial  idane  but  xvithonf  pitch,  right 
figure  shows  reeuinbent  fold  i>itehing,  with  a reversal  of  dij)  along  the 
strike. 

Details  of  toldiiif/.  eastern  part  of  district.  For  convenience,  observa- 
tions on  the  folding  from  Delaware  Bivtu'  to  the  mei'idian  of  Slatetield 
are  treated  separately  from  those  made  west  of  Slatetield. 

(.)n  Delaxvare  River  at  Portland  a ])i'ominent  anticline  extending 
southwestward  brings  jire-iMai'tin.sbnrg  limestone  to  the  .surface;  it  is 
hounded  hy  faults  described  below. 

Dn  Delaware  River  at  the  town  of  Delaware  the  coarse,  sandy  layers 
of  the  middle  IMartinsburg  apjicar  in  a syneline,  horderi'd  by  the  lower 
Martinshurg,_  both  north  and  south.  This  syncline  is  followed  west- 
vaicl  with  difficulty,  but  the  sandy  bt*ds  of  the  middle  IMai'tinsbnrg' 
still  ca])  the  hills  south  of  Factoryville  on  the  Delaware  AVatergap 
quadrangle.  An  easterly  j)itch  probably  accounts  for  the  dying  <.)uf  of 
the  syncline  westward. 
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PLATE 


A.  Small  s.MU’line  (on  ri<;lit  cdjio  of  pictiiro)  and  larger  aidieliiie  in 
slate  near  Albany  Station,  IJerks  County. 


li.  Fanil  between  Martinsbnrg  (rigid)  and  Tiis<'ai'ora  (left)  forma' 
tions  at  P.  tV  R.  11.  R.  cut,  Selinylkill  Cap. 


FOLDING  I.")!! 

All  other  folds  ar(‘  lessei'  struetui'al  features,  and  ai'e  deteeted  only 
in  connection  Avitli  ({uarry  operations.  Thus  in  the  '‘hard”  slate  sevei-al 
minor  synclines  and  anticlines  have  lieen  studied  iu  the  (piarries  at  Bel- 
fast and  the  Chapman  quarries  two  miles  north  of  Bath. 

The  Big  Offset  and  the  Little  Offset,  which  show  topogra])hieally  as 
.sigmoid  flexures  of  the  crest  of  Blue  IMouutaiu,  are  l)otli  syneliual  folds 
pitching  westward  and  separated  hy  a similai'ly  pitching  anticline  of  the 
Tuscarora  formation  at  the  head  of  the  We.st  Fork  of  Martins  Creek. 
This  structui’e  is  retleeted  hy  the  slate  itself.  Tims,  at  Bangor  the  <hhl 
Bangor  syncline,  with  an  axial  plane  diiiping  about  4°S..  is  one  of  the 
conspieuoirs  folds  of  the  slate  belt.  At  the  Xew  Pem'less  ( Bangor 
Vein)  quarry,  2Cl>  miles  northeast  of  Bangor,  a similai'  syncliue  with 
flat  axial  plane  is  exposed.  These  folds  ai)i)ear  to  he  j)ai't.s  of  a larger 
structure, — a syncline  whose  axis  lies  well  north  of  the  town  of  Bangor. 
This  fold  has  a we.stward  ]utch,  the  axis  emerging  at  the  Shimer,  ('on- 
solidated  Xo.  3,  and  Mountain  VieAV  (prarries  F^4  i»iles  north  of  East 
Bangor.  It  may,  in  turn,  be  only  a major  drag  fold  on  a still  larger 
synclinal  unit,  but  evidence  for  such  an  interpretation  is  still  lacking, 
as  the  l)eds  are  covered  northward  hy  younger  formations. 

We-st  of  Bangor  the  structures  are  a series  of  jiarallel  folds,  g(nierally 
with  axial  ])lanes  that  vary  from  nearly  horizontal  to  dips  of  25°.S.  In 
some  quarries,  such  as  the  Albion  Vein,  several  folds  are  encountered 
as  depth  is  attained.  In  the  Jackson  Bangor  Xos.  7.  6,  and  5 (piarries 
the  strata  at  the  surface  dip  south;  from  the  Acme  and  Alpha  to  the 
Phoenix  quarries  they  dip  north  on  the  south  limb  of  a syncline.  From 
the  Tinsman  quarry  west  it  is  apparent  that  the  surface  structui-e  on 
Avhich  the  greater  part  of  the  oi(eniugs  are  located  is  the  north  limb  of 
an  overturned  anticline,  the  axial  jilane  of  which  dips  .south.  Thence 
westward  to  Slatetield  there  is  no  clear  evidence  as  to  the  dominating 
strncture. 

Details  of  folding,  western  part  of  district.  West  from  the  i-egion  of 
Slatetield  the  axial  planes  of  fohls  more  nearly  approach  the  vertical. 
This  is  the  outstanding  structural  difference  between  the  regions  east 
and  west  of  Slatetield. 

There  are  several  jogs  in  the  otherwise  uniform  monoelinal  structure 
from  Slatetield  west.  In  the  neighborhood  of  XMwside  on  the  Slating- 
ton  cpiadrangle  a broad  tongue  of  “hard”  slate  of  the  lower  iMartiiis- 
burg  projects  northwesterly  into  the  main  area  of  the  middle,  sandy 
member,  suggesting  a southwe.stward  iiitching  autieline.  Siudlarly,  at 
Snydersville,  Guthsville,  and  Stetlersville  (Slatington  (piadrangle) . a 
long,  slender  stri](  of  the  lower  IMartinsburg  member  extends  easterly 
into  territory  underlain  by  limestone;  this  in  turn  sngge.sts  a westward 
pitching  syneline  iu  the  IMartinsburg.  The  structure  is  referred  to  as 
the  Snydersville  syncline.  Half  a mile  south  of  Laros  ou  the  same 
(piadrangle  Dale  has  mapjied  another  such  jirong  projecting  into  the 
belt  of  limestones,  jirobably  for  the  same  reason.  Haas  Hill,  oue  mile 
south  of  the  last  locality,  is  a synclinal  remnant. 

The  region  of  IMo.sserville  shows  a westward  pitching  anticline  of 
middle  Martimsburg  which  splits  the  strip  of  upjiermost  Martiiisburg 
between  Shochary  Ridge  and  Blue  IMountain. 

The  several  sigmoid  flexures  of  Blue  IMountain  between  Eckville  and 
the  Schuylkill  Rivei'  indicate  a series  of  jiitchiug  anticlines  and  syn- 
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fliiies  locally  broken  by  faults.  The  details  of  these  structures  can  best 
be  seen  in  the  corres])()n(ling'  vertical  sections. 

The  most  ])i'ononnced  folds  affecting  the  Martinsburg  in  this  region 
are  two  great  synclines  of  the  sandy  beds  of  Pulaski  age  vhich  form 
resi)ectively  tShochary  Ridge  and  the  next  prominent  sub-parallel  ridge 
of  sandstone  to  the  south,  -which  extends  eastward  from  the  Pinnacle  on 
Pine  IMountain  toward  We.ssnersville.  Between  these  two  ridges  lies  a 
de])res.sed  area,  its  length  extending  eastward  and  its  width  reaching 
from  Kem])ton  to  Trexler.  This  re]-)resents  an  anticline  between  the 
sandstone  of  the  two  synclinal  ridges  mentioned  and  exj-josing  shaly  beds 
jirobably  corre.si)onding  to  those  immediately  north  of  Shochary  Ridge 
in  which,  west  of  Eckville,  an  Eden  fauna  -was  found  (as  mentioned  in 
the  deserii)tion  of  the  middle  member  of  the  Martinsburg) . 

.Several  minor  folds  are  shown  in  the  ontcrop-])atterii  of  the  red, 
given,  and  yello-w  clay  slates  cpiarried  for  crushed  stone  near  Alliany, 
(ireenawald,  and  Lenhartsville. 

Detailed  structure  of  the  “soft”  slate  belt  consists  of  a series  of  folds 
illusti-ated  in  the  large-scale  cro.ss  sections  (see  Plates  55  and  5G). 

PAULTING. 

T]ipes  of  faulting.  If  faulting  be  regarded  as  movement  of  one  solid 
rock  mass  ])ast  another  along  a definitive  plane  or  planes,  six  types  of 
such  movements  may  be  recognized,  -which,  although  not  all  faulting  in 
the  strictest  sense,  can  yet  best  be  treated  under  this  head.  These  six 
tyjies  are : 

1.  Faults  of  large  displacement  and  great  horizontal  extent,  a])- 
proximately  jiarallel  to  fold  axes, — chieHy  thrust  faults. 

2.  .Smaller  faults  of  moderate  displacement,  inclined  to  the  fold 
axes.’- 

8.  Bedding-.sliji  faults. 

4.  Small-scale  faulting  in  calcareous  beds. 

5.  IMovement  along  bedding  planes, — not  true  faulting. 

().  ((Movement  along  cleavage  jdanes, — not  true  faulting. 

All  of  these  except  Tyi)es  1 and  2 are  of  common  occurrence  in  the 
district,  and  hence  no  attempt  will  be  made  to  describe  all  occurrences 
of  the  latter  four  kinds  of  movement.  A short  description  of  each  of 
the  occurrences  of  Types  1 and  2 Avill  be  given,  liowever. 

The  simplest  fault  nomenclature  is  jireferred.  Fault  ])laiie,  strike 
and  dip  of  fault  ])lane,  hanging  wall  and  foot  wall  are  self-ex])lanatory ; 
normal  and  reverse  favdts  are  terms  well  understood. 

Tln-ow  is  the  vertical  com]-)onent  of  the  displacement  along  the  fault 
plane;  heave  is  the  corresponding  horizontal  component. 

Faults  of  large  (Jisplace)uent  and  great  horizontal  extent.  Of  these 
there  are  only  seven  in  the  district. 

One  fault  enters  this  region  at  Delaware  River  about  0.9  mile  south 
of  Slateford,  and  extends  southwestward,  so  as  to  have  a surface  trace 
trending  N.45°E.  AVest  of  Dela-ware  River  the  evidence  for  this  fault  is 
almost  wholly  lacking,  although  an  al)ru])t  escar])ment  of  20-40  feet, 
about  0.8  mile  north  of  Portland,  -where  limestone  on  the  south  probably 
comes  against  hard  slate  on  the  north,  sugge.sts  its  ])re.sence.  In  drilling 
foi‘  the  ])iers  of  the  Dela-ware,  Lackawanna  & Western  Railroad  bridge 


‘ Since  tliis  -wns  -n'l-itlcTi  detniled  \v(irl.  l.y  Prof.  Ereemnn  Ward  has  indicate.!  the 
occurr.Mice  of  se\’eral  smaller  llirnst  faults  in  the  exim.siires  ah.nR  Idelaware  Itiver. 


about  a mile  above  Portland,  slate  alone  Avas  eneonntei'ed.  The  trace 
of  this  fault  therefore  jmsses  south  of  the  bridge. 

In  the  valley  of  Jacoby  Creek  Avest  of  Portland  and  in  a laiye  ])it 
about  7(10  feet  sontli  of  the  post-office  of  tliat  toAvn,  the  n])per  part  of 
the  Cambrian  limestone,  dipi)ing-  gently  .sontliAvard,  is  exposed.  Just 
across  the  river,  in  the  raihvay  cut  east  of  Columbia  more  of  tin*  same 
limestone  is  seen.  Three-cpiarters  of  a mile  north  of  Columbia  ami  about 
half  a mile  east  of  the  river  Cambrian  limestone  is  again  seen  in  the 
railroad  cut  of  the  DelaAvare,  Lackawanna  & Western  Railroad.  Aland 
1^4  mile  due  Avest  of  Hainesburg,  X.  J.,  a nortlnvard  trending  road  zig- 
zags upAvard  to  an  altitude  of  450  feet.  Here  the  hill  on  the  east  side 
of  the  road  is  covered  by  Cambrian  (probal)ly  Allentown)  or  early 
Ordovician  limestone,  Avhile  on  the  Avestern  side  a small  rpiarry  exposes 
typical  clo.sely  banded  hard  slate,  striking  X".55°E.,  and  dipping 
The  fault  plane  is  thus  clearly  limited  on  the  surface  to  a strip  not 
over  50  feet  Avide.  It  is  mo.st  probable  that  the  limestone  here  exi)osed 
is  near  the  top  of  the  AllentoAvn  formation.  The  maximum  thickness 
of  beds  lacking  betAveen  the  AllentoAvn  and  i\Iartinsl)urg  is-. 


Jacksonburg  limestone  550  feet 

PeekmantoAvn  limestone 1250  feet 

Total  1800  feet 


Assuming  a dip  of  10°,  the  vertical  throAv  of  this  favdt  is  at  least  1850 
feet. 

The  di])  and  strike  could  noAvhere  be  determined  Avith  accuracy.  As 
the  fault  is  associated  Avith  very  steep  dips  and  parallels  in  a general 
Avay  the  strike  of  the  beds,  and  as  the  strata  aiijAear  to  have  an  increas- 
ingly steep  northerly  dij)  as  they  approach  the  ])lane  of  movement,  the 
assumption  seems  ,]ustitied  that  this  is  a reverse  or  thrust  fault.  Rea- 
soning by  analogy  Avith  other  Appalachian  faults  of  this  general  char- 
acter, the  dip  soutliAA'ard  is  probably  gentle ; as  the  fault  trace  on  a 
fairly  level  surface  trends  X’.45°E.,  this  may  be  assumed  as  the  a])- 
proximate  strike.  The  eastAvard  continnation  of  this  fault  has  been 
mapped  by  the  geologists  of  the  X"eAv  Jersey  Survey',  Avho  regard  it 
as  a “thrust  fault  along  Avhich  the  slate  has  been  ])ushed  oA’er  upon 
the  Kittatinny  limestone  for  a short  distance.  ’ ’ 

About  half  a mile  south  of  Portland,  on  the  Avest  side  of  Dehnvare 
River  and  Avest  of  the  DelaAvare  Water  Gap  higlnvay  there  is  evitlence 
of  another  fault.  The  eastern  continuation  of  this,  too,  has  been 
mapped  by  the  XAav  Jersey  Geological  Survey.  The  Avesteru  extension 
trends  about  S.50°W.,  betAveen  a quarry  opened  in  the  loAA'er,  bryozoan- 
rieh  part  of  the  Jacksonburg  and  the  loAver  beds  of  the  IMartinsburg, 
chi])s  of  Avhich  are  exposed  at  400  feet  on  the  hill  to  the  south.  The 
fault  trace  can  be  folloAved  on  the  east  side  of  DelaAvare  Rivei'  by  similar 
evidence,  but  on  the  Avest  bank  the  glacial  cover  is  too  heavy  aiul  the 
only  positive  evidence  is  the  line  of  spring's  a|)])earing  at  the  foot  of  the 
slate  escarpment  between  Uount  Bethel  and  the  rivei’.  AVestAvard  this 
fault  probably  merges  Avith  the  thru.st  fault  first  described,  AA’liich,  ,iudg- 
ing  by  the  ajiparent  thickening  of  the  middle  member  of  the  Alartins- 
burg  north  of  the  fault  1)011^  as  the  latter  is  folloAved  AvestAvard.  dies 
out  someAvhere  in  the  neighborhood  of  Ackermanville. 


1 Kuniiiipl,  H.  n.,  Reiiort  on  nortlaml  cemont  industry;  X.  .1.  (d'ol.  Survry,  Ann.  Kc|il . 
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Tlie  plane  of  the  fault  last  deiserihed  is  not  exposed  anywhere;  the 
most  sonthwestly  of  the  limestone  (piarries  in  the  fiekl  half  a mile  south 
of  Portland,  however,  shows  lower  Jaeksoidmr”'  limestone  dipping 
steeply  southward,  heavily  sliekensided  in  places,  and  thus  showing 
every  indication  of  having  been  dragged  downwai’d  by  having  the  slate 
move  down  against  the  Jacksonburg  limestone  on  the  fault  plane.  The 
stratigra]diic  throw  of  the  fault  is  certaiidy  less  than  5011  feet.  The 
strike  is  thought  to  be  about  X.dO®!].,  parallel  to  the  trace. 

Half  a mile  south  of  Slateford  a thrust  which  is  not  exposed  is 
inferred  to  narrow  the  width  of  outcrop  of  the  lower  JMartinsburg. 

Xo  faults  of  large  disiilacement  are  recognized  wTst  of  those  de- 
scribed until  the  west  edge  of  the  Slatington  quadrangle  is  reached.  It 
is  nevertheless  altogether  likely  that  there  are  faidts,  and  even  some  of 
major  importance,  in  this  region;  the  lack  of  good  exposures,  but  more 
especially  the  absence  of  continuous  key  horizons  that  might  serve  in 
interpreting  structure,  may  preclude  their  recognition. 

The  rugged  ridge,  known  as  Shochary  Kidge,  Avhich  appears  south  of 
Hntelannee  Creek  on  the  Hamburg  quadrangle,  is  as  stated,  a synclinal 
ridge  of  middle  IMartinsbnrg  rocks,  consisting  chietiy  of  coarse  sandy 
clay  slate,  sandstone,  and  even  some  fine  conglomerate.  Xorth  of  it 
is  a valley  followed  l)y  two  of  the  heads  of  Ontelannee  Creek  and  un- 
derlain by  a slate  which  shows  “ribboning”  not  unlike  that  of  the 
“soft”  slate  but  generally  in  thinner  beds.  X^orthward  beyond  this, 
in  turn,  is  a low  ridge  or  “hogback”  roughly  a mile  south  of  the  crest 
of  Blue  Mountain  and  parallel  to  the  latter.  This  is  underlain  by  a belt 
of  coarse  sandstone  suggestive  of  the  middle  member  of  the  iMartins- 
burg.  The  “hogbacks”  and  sandstone  die  out  eastward,  being  unrecog- 
nizable a])proximately  half  a mile  west  of  Jacksonville.  Xorth  of  this 
belt  is  typical  “soft”  slate,  with  characteristic  carbonaceous  “ribbons;” 
it  is  opened  in  the  quarries  north  of  Quaker  City,  north  and  west  of 
Slateville,  and  half  a mile  north  and  northea.st  of  AVanamaker. 

These  areal  relations  are  subject  to  several  interpretations.  Relative 
attitudes  of  bedding  and  cleavage  are  of  no  aid  because  too  variable. 
The  interpretation  accepted  therefore  depends  largely  upon  the  strati- 
graphic po.sitions  assigned  to  the  sand.stone  forming  the  “hogbacks” 
and  to  the  belt  of  slate  lying  beCveen  these  and  .Shochary  Ridge.  A 
very  jioor  collection  of  fossils  from  the  sandstone  of  the  “hogbacks” 
was  sidnnitted  to  CIrich,  who  recognized  the  following  forms; 

1 )almanella  sp.,  I’lectorthis  ( ) sp.,  Sowerbyella  sp.,  Aparchites  (?)  sp. 

Ulrich  regards  this  fauna  as  probably  indicating  Pulaski  age,  and 
hence  referred  to  a horizon  in  the  middle  Martinsbnrg.  On  this  basis 
a sinqJe  and  consistent  interpretation  is  that  the  sandstone  in  the  “hog- 
back” rejn-esents  the  highest  sandy  beds  in  the  sand.stones  of  the 
Shochary  syncline,  here  dipping  northward  again,  while  the  slaty  shales 
betwTen  the  “hogback”  and  Shochary  Ridge  are  strata  (similar  to 
those  between  Kem])ton  and  Tre.xler)  lower  than  the  “hogback”  sand- 
stone and  than  the  other  sandy  beds  of  the  Shochary  Ridge  syncline 
and  reapimaring  from  under  the  sandstones  in  an  anticlinal  crest.  If 
the  ap])arent  “soft”  slates  ex]:)osed  in  (piarries  north  of  the  “hogback” 
are  really  iqipermost  Alartinsbnrg,  therefore,  there  must  be  a fault  be- 
tween them  and  the  sandy  beds  of  the  “hogback,”  the  “soft”  slate 
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aud  a .small  thickness  of  uiideidyiny  sandstone  having’  keen  di’op])ed 
down  until  they  ahnt  a^’ainst  the  slaty  deds  of  the  middle  memher  be- 
tween the  “lioo'back”  and  Shocliary  Kidge. 

This  interpretation  is  favored  not  only  hy  the  close  crnmplino-  on 
both  sides  of  the  presumptive  fanlt  zone  but  also  by  vertical  dips  soidh 
of  the  fanlt  and  by  the  stidkin^ly  linear  ai'rang’ement  of  some  ])i'omin(mt 
springs,  snch  as  half  a mile  t'ast  of  Slateville  and  again  half  a mile  west 
of  Jacksonville.  It  is  very  greatly  sti’engthened,  fnrther,  by  the  finding 
of  a major  fanlt,  described  below,  at  the  conspicnons  ell)ow  in  IMne 
IMonntain  Avest  of  Eckville,  where  tlnn-e  is  a marked  areal  offset  in  a 
cliff-forming  series  of  beds  in  the  Tnseai'oi'a  foimiation,  which  is  clearly 
recognizable  on  the  to])ogra])hie  map.  The  offset  consists  of  a westward 
jog  south  of  a line  Avhich  is  continnons  with  the  horizontal  strike  ]>ro- 
jection  of  the  fault  hypothesized  in  the  IMartinsburg.  The  fanlt  trace 
on  Bine  IMonntain  Avonld  seem  to  trend  X.75°E.  Its  stratigraphic  dis- 
placement in  the  vertical  dii'cction  may  be  coni|)nted  by  setting  np  a 
geometrical  ])roblem,  given  horizontal  dis])lacement  of  the  Tuscarora 
ledge-forming  bed,  the  measured  di|)  of  the  Tuscarora  beds,  and  the 
bearing  of  the  fanlt  trace  mentioneil  above.  IMinimnm  and  maximum 
jmssible  displacements  amount  to  TTn  and  825  feet  respectively. — am])le 
to  cut  out  by  faulting  virtually  the  entire  thickness  of  sandy  beds  ex- 
posed in  the  Shocliary  Eidge  syncline.  This  fanlt,  from  the  crest  of 
Bine  Mountain  west  of  Eckville  to  where  it  dies  out  east  of  Lynn]iort, 
Avill  henceforth  be  referred  to  as  the  Eckville  fanlt. 

A fanlt  approximately  parallel  to  that  jn.st  descrilied  is  inferred  from 
the  offset  of  the  Tuscarora  (piartzite  about  one  mile  due  southwest  of 
Eckville.  Diji  and  trend  are  based  on  ]n'esnmi)tiA"e  eA'idenee  only,  and 
hence  the  fanlt  is  indicated  on  the  ma])  with  a broken  line. 

At  the  Pinnacle,  2^0  miles  Avest  of  Albany,  tbe  beds  are  flat.  On  the 
1460-foot  hill  one  mile  south  of  the  Pinnacle  the  strata  dip  gently  north- 
AA'est.  BetAveen  these  tAvo  ])rominences  there  is  a topographic  gap,  in- 
ferred to  represent  the  effect  of  differential  erosion  on  a shattered  zone. 
The  to])Ography  and  the  abi-n])t  change  in  dip  suggest,  but  by  no  means 
prove,  tbe  presence  of  another,  ])robably  small  fanlt  here.  This  displace- 
ment is  believed  to  continue  westward  Init  cannot  be  ti-aced  clearly  in 
the  field.  IIoAvever,  on  the  I'oad  that  leads  nortlnvest  from  Lenharts- 
ville  np  the  slope  of  Bine  IMonntain,  between  the  altitudes  of  IKK)  and 
1200  feet  thei'e  is  a sharji  i-evm-sal  of  dip  strongly  suggesting  a faidt  ; 
at  940  feet  the  TAiscarora  strikes  X.75°E.,  and  dips  70°X.,  Avhereas 
at  1200  feet  it  .sti'ikes  X.60°E.  and  di]')s  15°81.  A fanlt  is  inferred  be- 
tAveen  these  tAvo  points. 

It  is  very  likely  that  this  fanlt  is  continnons  Avith  that  at  Schuylkill 
PiA^er.  The  latter  does  not  actually  shoAv  on  the  east  bank  of  Schuylkill 
RXer,  but  on  the  Avest  shore  it  is  clearly  seen  in  several  places.  It  is 
Avell  ex]K)sed  in  the  cut  of  the  Pennsyh'ania  Railroad,  1800  feet  south 
of  the  Port  Clinton  station,  again  on  the  Reading  Railroad  at  the  Avest 
side  of  the  curve  1000  yards  south  of  the  Port  Clinton  station,  and  on 
both  sides  of  the  same  tracks  about  half  a mile  farther  southeast.  At 
the  first  of  these  localities  the  slate  south  of  the  fanlt  di])s  gently  south, 
Avhereas  north  of  the  fanlt  is  dense,  gray,  thick  Ix'dded  Tuscarora  sand- 
stone, striking  X..)5°E.  and  di])ping  70°X.  ^Vt  tin'  second  locality  the 
Tuscarora  is  a heavy  whit('  quartzite  like  that  forming  the  ci-est  of 
Blue  IMountain  ; it  strikes  X.60°E.  and  dips  70°X.  At  the  third  locality, 
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the  Tusearora  is  eongloineratic,  strikes  N.75°E.,  and  dips  vertically, 
vliereas  the  slate,  repi’esented  by  alternately  slaty  and  sandy  beds, 
strikes  N.2()°E.  and  dips  2()°S.  The  strike  of  the  fanlt  at  tliese  points 
is,  respectively  N.b8°E.,  N.65°E.,  and  N.78°E.,  and  the  dip  is  steeply 
south, — I'oughl.y  80°.  The  fanlt  is  thus  an  exceptionally  steeply  dipping- 
thrnst. 

This  fanlt,  vith  its  jn-obable  eastward  extension  beyond  the  Pinnacle, 
will  hereafter  be  i-eferred  to  as  the  Sehnylkill  Ga))  fanlt.  There  are 
gi-onnds  for  suspecting  that  it  continnes  east  of  the  Pinnacle,  np  the 
valley  of  Kistler  Greek,  bnt  for  this  the  evidence  is  too  poor  to  permit 
niapjnng. 

Two  nules  south  of  Lanrys  a fanlt  brings  limestone  against  slate 
(see  Plate  25).  This  fanlt  is  seen  on  the  road  at  the  east  end  of  tbe 
reservoir  (not  shown  on  the  ma]))  half  a mile  west  of  Lehigh  River. 
There  are  also  several  abnormal  ontero])s  of  limestone  possibly  dne 
to  fanlting,  in  areas  snrronnded  by  slate,  es])eeially  along  Maiden 
Creek  in  the  vieiidty  of  A^irginville.  These  have  not  been  studied  in 
detail, however. 

Attention  shonid  again  be  directed  to  the  reconnaissance  nature  of 
tbe  field  work  in  eastern  P>erks  County,  especially  along  the  southern 
edge  of  the  Mai'tinsbnrg  formation.  Naturally  such  a generalized  study 
])i'eelndes  the  detailed  mapping  of  many  faults. 

Siiiallrr  faults  of  moderate  displacement,  inclined  to  fold  axes.  So 
far  as  known  these  are  oidy  illustrated  in  the  quarries  of  the  Pen  Argyl 
group,  where  at  least  six  are  definitely  recognizable’.  Paidts  of  this 
ty]ie  strike  at  large  angles  to  the  general  strike  of  the  beds  and  have 
small  displacements, — in  the  observed  cases  none  exceeding  70  feet.  Two 
examples  may  be  cited. 

In  the  Jackson  Bangor  No.  6 quarry  on  the  lowest  level  (depth  about 
345  feet)  a fanlt  of  this  type,  with  small  displacement,  is  seen  on  the 
(piarry  floor  and  on  the  noi-thwest  wall.  Its  strike  is  generally  N.in°- 
27°AV.,  and  the  dip  is  25°NE.  The  beds  on  the  under  side  of  the  fanlt 
have  moved  northward  about  9 feet  along  a line  normal  to  their  strike. 
As  there  seems  to  have  been  a horizontal  component  to  this  motion,  the 
actual  disi)lacement  in  the  fanlt  ]Jane  was  ]n-obably  greater,  38  feet 
along  the  striae  of  the  i)lane,  which  trend  6(1°W.  The  fanlt  plane  is 
tightly  closed,  and  in  many  ])laces  scarcely  recognizable  or  seen  only 
as  a very  faint  crack. 

In  the  bottom  level,  in  the  extreme  sonthwestern  corner  of  the  same 
(piarry,  a small  ])art  of  a neAV  fanlt  surface  was  exposed  by  channel 
cutting  in  December,  1923.  This  strikes  N.35°W.,  and  dips  15°NE. 
It  is  approximately  the  proper  level  to  represent  an  eastward  continua- 
tion of  a fault  said  to  have  been  found  in  quarrying  at  a depth  of  1(10 
feet  in  the  Jackson  Bangor  No.  7 quarry.  The  striae  observed  trended 
N.25°AV.,  approximately  jiarallel  to  the  strike  of  the  fault  plane.  As 
the  beds  below  were  not  yet  exiiosed,  the  offset  could  not  be  measured. 

In  view  of  the  appi'oximate  similarity  of  these  two  faults  in  other  re- 
sjiects,  the  difference  between  the  direction  of  their  striae  may  be  ex- 
plained by  assnnung  for  the  hanging  wall  of  both  a horizontal  south- 
ward movement  and  for  the  upper  fanlt  a downward  movement  as  well 
(see  Eig.  51).  The  true  movement  along  the  two  faults,  as  far  as  can 

^ J^ohrp,  0.  H.,  Jr.,  Slato  in  Nortliainptoii  County,  Pennsylvania:  Pa.  Top.  and  Geol. 
Survey,  Jtull.  M-9,  pj).  03-0;',  1!)27. 
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FifJ-.  51.  Diagrams  to  show  relation  of  striae  to  (lireetion  ami  amount 
of  displacement  of  faulted  blocks  in  Jackson  IJaiigor  Xo.  (>  (iiiarry, 
Pen  Argyl.  A.  Lowest  fault,  with  striae  trending  about  X.iiO”^.; 

B.  Li)per  fault,  with  striae  trending  X.<5t)°\V. 

1)6  ascertained,  is  qualitatively  represented  in  Figure  51,  in  which  Dia- 
gram A represents  the  lower  fanlt  and  Diagram  B,  the  n])])er.  The 
front  face  of  both  diagrams  ha.s  a strike  of  X.30°AV.  and  the  direction  ))f 
the  striae  is  indicated  on  both.  In  addition  Diagram  B shows  why  the 
(fisplacement  measured  along  the  striae  (pn)  is  greater  than  where 
measured  along  the  strike  of  the  fault  (mn). 

Other  similar  faults,  all  at  Pen  Argyl,  are  known  in  the  Albion 
(|uarry  at  a depth  of  490  feet,  in  the  Jackson  Bangor  X^o.  7 (piarry  at  a 
depth  of  160  feet,  in  the  Jackson  Bangor  No.  6 (puu’ry  high  u|)  in  the 
southeastern  wall  ( — this  is  continuous  with  a fault  near  the  bottom  of 
the  Jackson  Bangor  No.  5 quarry),  and  near  the  surface  in  the  northeast 
corner  of  the  Jackson  Bangor  No.  5 quarry. 

It  thus  appears  that  there  is  a system  of  faults  trending  northwest 
or  north  and  with  largely  horizontal  disi)lacement.  These  niay  be  as 
late  as  Triassic  in  age,  or  they  may  re])i'esent  ])ost-iMai'tin.sburg  or  post- 
Carboniferofis  relaxation  after  a ])ei'iod  of  thrusting.  Oi-  tinally,  they 
may  actually  be  high-angle  thrust  faults  that  relieved  a hoiuzoutal 
compression  by  imrmitting  the  forwai'd  movement  of  individual  seg- 
ments,— a feature  often  observed  on  a grander  scale  at  the  borders  of 
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Ilirust  liloeks.  The  last  explanation  is,  in  the  lig'lit  of  facts  so  far  ob- 
tained. the  most  aeee])table. 

Hedding  slip  faidls.  These  are  fanlts  which  are  associated  witli  close 
folds,  and  in  which  most  of  the  movement  takes  i)lace  at  sncli  a low 
angle  to  the  hedding  that  aii  actual  |)lane  of  faniting  distinct  fi'oni  the 
hedding  ])]anes  can  oidy  he  recognized  with  difficnlt.y.  For  snch  fanlts 
the  term  liedding  sli])  is  here  proi)osed.  Some  of  the  featnres  referred 
to  as  "loose  ihhbons’’  by  the  (piarrymen  are  bedding  slip  fanlts.  The 
attention  of  the  ol)servei'  is  first  directed  to  the  fault  when  he  finds  that 
the  attitude  of  the  n])i)ei'  (inner)  beds  in  a close  syncline  is  not  like  that 
of  the  lower  beds.  Closer  ins])ection  then  reveals  the  fact  that  near 
the  axis  of  the  fold  these  upper  beds  describe  a larger  arc  than 
do  the  low'er  ones,  hence  that  the  lower  strata  are  truncated  by  the 
npper  ones.  In  short,  there  is  a fault  snrface  parallel  with  the  upper 
beds,  hence  the  term  bedding-sliii  fanlt.  Associated  with  this  feature 
is  generally  a severe  ma'shing  of  the  beds,  with  irregular  cleavage, 
closely  .spaced  jointing,  and  mnch  de]msition  of  quartz  and  calcite  in 
0])en  cavities. 

Kxanqiles  of  this  feature  are  numerous.  The  noidli  wall  of  the  Albion 
])it  is  ])erhai)s  the  most  striking  case  in  the  region,  rivaled  only  by  the 
north  wall  of  the  Bangor  Vein  (New  Peerless)  quarry.  There  is  a sug- 
gestion of  the  same  feature  in  the  north  wall  of  the  Jackson  Bangor 
No.  6 quarry  near  the  snrface.  The  Albion  Vein  (piariy  shows  a simi- 
lar featnre  on  the  north  Avail.  The  Bangor  Fidelity  and  West  Bangor 
(piarries  show  a slip  fanlt  along  the  bedding  about  the  middles  of  their 
side  Avails,  and  traces  of  its  continnation  are  preserved  in  the  CroAAm 
quarry  to  the  Avest  ( See  Plate  51).  Finally,  a trace  of  a similar  feature 
is  to  he  seen  midway  between  the  "back”  and  "front”  ends  of  the 
opening  in  the  northeast  Avail  of  the  Northampton  qnarry.  In  the 
Slatington  district  the  feature  is  rare.  Two  outstanding  example.s 
may  here  be  desci'ilied, — both  from  the  Bangoi'-Pen  Argyl  region. 

In  the  NeAV  Peerless  (Rang’or  Vein)  quarry,  tAvo  miles  northeast  of 
Bangor,  the  beds  curve  sharply  into  a syneline  having  an  axis  that 
dips  sontliAvard  oidy  about  8°  ; the  general  hedding'  strike  is  N.J0°B. 
Immediately  sonth  of  the  north  aatII  of  the  opening,  the  beds  curve 
gently  in  the  trotigh  of  the  syncline  and  the  cleavage  snrfaces  are 
horizontal  and  plane,  bnt  lU  feet  farther  south  the  di])s  of  the  syn- 
clinal limbs  batten  and  the  cleavage  becomes  crenidated,  as  though 
gi'eatly  compi-essed  after  its  formation.  xV  sketch  of  this  part  of  the 
fold  is  shoAvn  in  Figni'e  52,  A.  The  fanlt  ])lane  itself  approximately 
parallels  the  northern,  less  compressed  beds  and  is  open  in  places,  Avith 
a filling  of  (piartz  and  calcite,  mnch  of  the  latter  having  been  dis- 
solved aAvay  subsecpiently. 

In  the  Albion  cpiarry  the  nortlnvestern  wall  is  ent  into  a series  of 
reentrants.  At  about  the  middle  of  this  side  of  the  ojiening  thei’e  is  are- 
markahly  smooth  bedding  face.  The  bedding  north  of  this  face  curves 
gently  to  form  a I'athei'  open  syncline,  bnt  sontlnvard  the  fold  is  more 
tightly  compi'essed.  Avith  a noticeable  bulge  at  the  axis.  Heavy  and 
closely  spaced  jointing  is  conspicuous  at  the  bedding  surface  marking 
the  contact  betAveen  the  more  tightly  and  the  less  severely  compressed 
liarts  of  the  fold.  The  ]Alane  of  contact  strikes  N.57°E.,  and  A'aries 
its  dip  Avith  the  hedding.  It  is  heavily  slickensided  and  coated  AAdth 
quartz  and  calcite.  A^ertical  joint  planes  are  Avell  developed  under  the 
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Fig.  52.  Betiding  slij)  faults:  A.  in  Peerless  qiiarry,  iinrtheast  wall; 
shows  bedding  sli])  |)laiie  (a — a),  the  lower  i)art  of  whieh  is  a.  (iiiai't/ 
filled  crevice;  15.  in  Albion  (|iiarry,  viewed  from  southwest  wall;  shows 
fatdt  plane  (a — a)  and  vertical  Joints  (h). 

axis  of  the  fold;  above  it  they  are  similar,  dipidiig-  S0°S.  For  a 
diagTam  of  these  relationsliips,  see  Figure  52,  B. 

Such  faulting  is  subject  to  two  iuteri)retations.  It  may  be  due  to 
horizontal  movement  along  curved  fault  |)lanes  almost  but  not  exactly 
tangential  to  the  curvature  of  the  beds  at  fold  troughs  or  crests.  The 
effect  would  be  to  carry  the  fault  plane  across  the  bedding.  The 
objections  to  this  explanation  are  twofold.  First,  in  the  case  of  all 
such  faults  where  slickensides  were  observed  the  movement  indicated 
was  vertical,  or  nearly  so;  this  fact  suggests  that  the  chief  movement 
was  vertical,  though  it  by  no  means  proves  a.s  much,  since  slickensides 
are  frequently  develojied  by  later  insignificant  movements  wdiich  may 
differ  in  direction  from  the  main  dis]hacenient.  Second,  and  of  far 
greater  -weight,  is  the  difficulty  of  picturing  the  mechanics  of  horizontal 
movement  along  planes  which  strike  northeast  when  the  thrust  is 
otherwise  known  to  be  directed  northwestward. 

An  alternative  explanation  is  to  look  upon  faults  of  this  type  a.-? 
furnishing  a way  for  relieving  excessive  pressure  in  fold  axes.  The 
attitudes  of  the  beds  and  joint  planes  suggest  that  bedding-slip  faults 
are  a means  for  jiermitting  the  close  com])ression  of  the  loAver  beds  in 
troughs  while  the  ujqier  beds  retained  their  form  in  folds  that  were 
relatively  open.  The  movement  along  the  fault  planes  wonhl  thus 
be  chiefly  in  the  vertical  direction  and  in  accord  wuth  the  fault  stria- 
tions  mentioned  above.  An  idealized  diagram,  assuming  this  expla- 
nation, is  given  in  Figure  53.  Thongh  better  than  the  first,  this  theory 
is  yet  not  wholly  aceei)table. 

In  any  case,  the  disturbed  cleavage  proves  that  the  movemenr  took 
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])lac'e  after  serieitization  ; if  the  jieriod  of  cleavage  development  of  the 
slate  be  regarded  as  post-lMartinsburg,  pre-Tusearora,  these  faults  must 
clearly  rejtreseut  au  adjustment  to  tlnmst  of  a period  some-what  later 
than  the  Martiiisbiirg. 


Fig.  .■>:?.  Diagram  of  ido'al  bedding  slip  fault;  b-b,  fault  plane;  arrows 
show  api>arent  direction  of  inovement. 

A matter  of  interest  is  the  rarity  of  such  faults  at  Slatiugtoii,  at 
least,  in  so  fai'  as  observed.  Tlie  suggestion  may  l>e  ventured  that 
adjustment  of  this  tyjie  l)ecomes  necessary  only  -when  the  fold  axes 
are  horizontal  or  nearly  so ; for  this,  however,  there  is  no  olivions 
reason. 

^^rudll-scale  faulting  in  calcareous  beds.  In  many  places  the  oc- 
casional calcareous  beds  are  broken  by  numerous  faults,  which  liave 
ai)])roximately  horizontal  [danes.  In  such  instances  each  little  segment 
of  the  limy  bed  has  glided  over  that  beneath  it,  so  as  to  yield  many 
small  faults,  which,  as  they  parallel  the  axes  of  tiny  drag  folds,  may 
he  spoken  of  as  “drag  faults.”  It  is  signiheant  that  the  faults  never 
pass  into  the  slaty  beds  on  either  side,  but  die  out  at  the  edges  of  the 
calcareous  beds,  although  a ])arallel  suite  of  drag  folds  is  sometimes 
visible  in  the  slate  adjoining  the  limy  bed.  The  fault  planes  in  the 
calcai-eons  beds  are  generally  coextensive  with  the  cleavage. 

An  illustration  of  this  ty])e  of  minute  faulting  is  given  in  Plate  4 
aud  Figure  54. 

Movement  along  bedding  jdanes.  In  a series  of  beds  as  severely 
folded  as  those  of  the  Martinsbnrg,  movements  along  bedding  ]danes 
art'  to  he  (vxpected  and  are,  indeed,  of  common  occurrence.  They  are 
particularly  noticeable  in  the  middle,  sandy  member,  where  they  are 
commoidy  a.ssociated  with  false  cleavage  and  with  “Avrinkling”  of 
the  bedding  .surfaces.  They  are  also  commonly  seen  in  association 
with  the  more  calcareous  beds  in  the  soft  slate.  These  calcareous  beds 
are  called  by  the  ((uarrymen  “silver  ribl)ons.”  As  they  are  subject 
to  solution  by  ])ercolating  Avaters,  they  commonly  become  separated 
from  the  .slate  beds  on  either  side,  leaving  a discontinnons  crevice, 
along  Avhicli  the  slate  parts;  in  such  eases,  the  (piarrymen  refer  to  the 
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slate  beds  below  it;  the  upper  surfaee  of  the  speeiineii  is  heavily  stri- 
ated. Ijeii«th  of  speeiinen,  Id  iiiehes. 

caleite  beds  as  “ ]ooMe  ribbons.”  A surface  of  a “loose  riblion”  ooni- 
iiiony  bears  slickensides  or  striae,  sbowine-  that  movement  lias  taken 
jilace  along'  it  (see  Figure  54). 

Movement  along  cleavage  planes.  The  movement  along  cb'avage 
planes  is  considerably  evidenced  in  the  slate.  It  is  most  noticeable  in  the 
hard  slate.  Here  it  is  not  uncommon  to  tind  quartz  or  calcite  lying 
in  the  cleavage,  and  occasionally  striae  are  still  preserved  on  the 
cleavage  filling.  Jn  places,  joints  suggestive  of  tensional  cracks  and 
also  filled  with  calcite.  quartz,  or  a mixture  of  both,  cut  the  cleavage 
vertically  in  .such  a way  as  to  suggest  tensional  joints;  as  they  die  out 
both  above  and  below,  the  suggestion  is  that  either  their  upper  or 
lower  ends  mark  the  intersection  with  the  cleavage  ])lane  along  which 
slippage  took  i)lace. 

An  illustration  of  such  movement  is  seen  in  the  east  wall  of  tin* 
P-elfast  qiiarry.  Ilei-e  a zone  about  ten  inches  wide  has  undergone 
shear  along  cleavage,  with  the  tb‘velo|>ment  of  openings  and  tin*  depo- 
sition of  quartz  in  the  openings  so  formed  (see  Plate  11,  A).  This 
is  jU'obably  compai-able  to  Dale’s  eleavage  bandingb 

CI-EAVAGE. 

Degree  of  development.  Cleavage  is  not  uniformly  developed 
throughout  the  iMartinsbnrg  foi'iuation.  In  general,  those  beds  of 
which  the  composition  before  metamorpbism  most  closely  approxi- 
mated a shale  are  those  in  whieh  the  cleavage  is  best  deveb)|)ed.  Sandy 
layers  es])ecially  militate  against  good  cleavage  in  tbe  slate. 

In  tbe  “bard”  slate  the  thin  beds  are  crossed  by  cleavage  that  is 
very  faintly  wavy,  but  not  enough  so  to  interfere  in  the  least  with  use 
in  roofing.  Tn  the  “soft’’  slate*  cleavage  is  e.s])ecially  well  dev(*loped 
and  wholly  without  deflection  (even  Avhere  it  intersects  the  carbon- 
rich  “ribleons”),  excejit  in  crossing  the  sandy  “hard  rolls”  that  gen- 

^ Dale,  T.  N.,  Slate  in  the  I’nilei]  States:  U.  S.  Geol.  Survey,  liull.  fiSP,  tri-tS,  11*14. 


170 


SLATK  IX  PENNSYLVANIA 


erally  luiclerlie  exceptionally  tliick  beds.  In  tlie  middle  member  of  the 
Martinsbnrg  the  cleavage  is  poor,  and  some  of  the  blocky,  sandy 
layers  have  a parting  -which,  in  S])acing  and  direction,  corresponds 
more  nearly  to  jointing  than  to  cleavage;  these  strata  are  obviously 
not  usable  for  slate  making. 

Dip  and  strike.  Throughout  the  district,  the  dominant  strike  of  the 
cleavage  is  approximately  X.6U°E.  There  are  localities  -where  it  varies 
until  it  is  due  east,  but  these  cases  are  exceptional.  In  a general  way, 
the  cleavage  strike  is  more  northerly  in  the  eastern  part  of  the  region, 
more  easterly  in  the  western  part. 

The  most  noteworthy  difference  in  cleavage  lietween  the  eastern 
and  western  parts  of  the  district,  however,  is  in  the  dip.  At  Bangor 
and  Pen  Argyl  the  cleavage  dip  averages  aliout  15°S. ; at  AVind  Gap  it  is 
about  22°.  At  Danielsville  the  dip  is  approximately  -15°,  and  at 
Slatington  it  is  neai-er  55°.  There  is  thus  a progressive  steepening  of 
the  cleavage  westward.  The  bearing  of  this  on  economical  quarry 
development  is  dseussed  on  page  30. 

Curved  cteavage.  In  a few  places  tlie  cleavage  surfaces  of  the  slate 
are  not  alisolutely  Hat.  Thus,  in  the  New  Peerless  (Bangor  Vein) 
quarry  individual  Iilocks  show  a marked  curvature,  even  in  lengths 
of  no  more  than  six  feet.  The  Hoors  of  the  upper  “pieces”  iu  the 
Albion  quarry  at  Pen  Argyl  are  also  not  flat,  but  show  gentle  curves, 
actually  dipping  northward  at  low  angles  in  the  northeast  part  of 
the  opening.  Alegasco])ie  and  microscopic  examinations  of  the  slate 
show  no  sign  of  undue  strain  ; it  therefore  seems  evident  that  this 
curvature  originated  during  cleavage  development,  and  not  subse- 
quently by  lateral  compression  of  the  cleavage  planes. 

In  other  places  the  cleavage  jilanes  have  clearly  been  compressed 
subsetpient  to  their  formation,  yielding  fracture  cleavage  (see  page 
35)  through  failure  at  angles  inclined  to  the  cleavage  planes.  The 
])henomenon  is  rarely  seen  east  of  Danielsville,  but  is  common  in  the 
quarries  at  Slatingtou  and  Slatedale.  It  is  not  clear  why  there  should 
be  this  marked  difference  in  its  distribution.  There  are  several  jiossible 
exi)lanations  but  the  most  ])lausible  seems  to  lie  that  the  compression 
ju'oducing  this  crinkling  of  the  cleavage  iilanes  was  from  such  an 
angle  as  to  lie  more  nearly  in  the  plane  of  the  cleavage  at  Slatington 
than  at  l-langor  and  Pen  Argyl.  In  view  of  what  has  already  been 
said,  this  theory  Avonld  make  the  later  compression  direction  dip 
downward  about  55°  in  a southerlj^  direction;  in  other  words,  the 
thrust  was  perhaps  northwestward  and  uii-ward,  not  merely  tangential 
to  the  earth’s  surface. 

OTHER  STRUCTURAL  FEATURES. 

Jaintiiif/.  Joints  are  especially  numerous  near  faults,  particularly 
near  bedding-slip  faults.  They  do  not  clearly  fall  into  definite  systems, 
yet  detailed  studies  show  that,  on  the  whole,  the  dominant  trend  is 
northea.st. 

F(dse  cleavage.  This  feature  has  already  been  referred  to  in  con- 
nection with  curved  cleavage  (See  above).  Most  fracture  cleavage 
planes  sti-ike  i-onghly  parallel  to  cleavage  and  bedding  and  dip  steeply 
north  01-  south. 
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GEOLOGIC  HISTORY 

(Study  ot  the  local  istratigraphy  and  structural  geology  by  the  writer 
and  many  earlier  geologists  makes  it  possible  to  trace  the  development 
of  the  region  during  and  since  Paleozoic  times. 

After  an  uplift  and  a long  period  of  erosion  atfeeting*  the  old,  crys- 
talline rocks  of  South  Mountain,  sands  and  limy  muds  were  laid  down 
in  Cambrian  and  early  Ordovician  time.  Sedimentation  was  inter- 
mittent, as  shown  by  the  fact  that  the  sequence  includes  at  least  two 
noticeable  unconformities.  In  Black  Kiver  or  early  Trenton  times, 
however,  dark  muds,  rich  in  organic  matter,  beg'an  to  accumulate  at  least 
ill  the  northerly  part  of  the  counties  here  discussed.  These  organic  muds 
were  de])osited  immediately  upon  calcareous  muds  in  most  places,  but 
locally  they  came  to  rest  upon  fairly  well-consolidated  limy  sediments 
of  earlier  Ordovician  or  late  C'amlirian  age.  It  is  the  deposition  of 
these  organic  muds  that  inaugurated  the  jieriod  of  sedimentation  in 
which  the  Martinsburg  Avas  (lejiosited. 

The  Martinsliurg  muds  must  have  been  laid  down  under  special 
conditions.  Their  Avidespread  distribution  Avith  relathTly  uniform 
lithologic  features,  the  evidence  of  shalloAV  Avater  origin,  the  banded 
character  leading  to  the  inference  of  periodic,  perhaps  seasonal  fluc- 
tuations in  conditions  of  sedimentation,  the  general  lack  of  fossils 
(a  fact  suggesting  scanty  life),  the  unidirectional  cross-bedded  and 
locally  ripple-marked  character  pointing  toAvard  moderately  strong, 
uniform  currents, — these  are  features  not  easily  ]flaced  in  mutual 
agreement.  The  evidence  given  and  the  con.sensus  of  opinion  ajApear  to 
favor  the  idea  tliat  the  Martinsburg  sediments  Avere  deposited  in  (|uiet 
estuaries  or  embaynients  aud  for  the  ]Aui'poses  of  this  report  the 
statement  may  be  accepted  Avithout  furtlier  discussion. 

Following  Avides])i-ead  sedimentation  the  land  Avas  uplifted  and  the 
rocks  Avere  folded,  at  least  to  a moderate  extent,  and  Avith  their  con- 
version to  shales  and  finally  into  slates  the  sediments  had  impressed 
upon  them  a definite  slaty  cleav'age.  This  folding,  coincidental  Avith 
uplift,  resulted  in  consideral)le  erosion  of  the  Martin.sburg.  Sub- 
se(]uently  tbe  INIartinsburg  beds,  noAV  channeled  and  truncated  by 
erosion,  Avere  once  more  submerged,  and  ncAv  sediments  of  a sandy 
and  gravelly  nature  Avere  laid  upon  them.  These  represent  the  in- 
auguration of  Tuscarora  (Medina)  dejAosition.  Upon  them  in  turn 
Avere  laid  doAvn  still  other  mateiuals,  noAV  Avorn  comj)letely  away  from 
this  region.  Finally  sedimentation  Avas  brought  to  a close  by  com- 
pi-ession  and  uplift  that,  though  it  followed  the  same  trend-lines  as 
the  folding  at  the  close  of  the  (Martinsburg,  Avas  much  more  intense, 
thrcAv  all  these  ])reviously  mentioned  rocks  into  flexures,  fuidlier 
folded  the  cleavage  already  present  in  the  (Martinsburg  formation, 
and  Avas  acconqAanied  or  shoidly  folloAved  by  thrust  and  noianal  fault- 
ing. This  rcAmlution  closed  the  cln-onologic  division  referred  to  by 
geologists  as  the  Paleozoic  era. 

A long  succeeding  time  interval,  the  Alesozoic  era,  during  Avhich 
ei'osiou  aud  jAossibly  rejAeated  gentle  uplifts  Avere  the  only  conspicuous 
])rocesses,  elapsed.  Latei'  geologic  time  (the  Tertiary  period)  Avitnessed 
similar  gentle  uplifts  and  continued  erosion,  and  it  Avas  duidng  the 
(Mesozoic  and  Tertiary  that  the  several  eonsiAieuous  erosion  levels — 
the  Kittatinny,  .Schooley,  and  most  of  the  later  “peneplains,”  already 
mentioned — Avere  developed. 


('Iie:\ii('al  compo'Sitk  »x 


it;: 

Diiriii”'  tli(‘  Plfistoceiip  or  “(Ireat  Ice  A^e,”  glaciers  caine  doAvu 
from  the  north,  weai'ing'  away  smaller  projections  on  the  laial  surtace 
and  depositing-  a great  deal  of  matei-ial,  or  causing  deposition  in  sti-eam 
valleys  by  overburdening  with  pulverized  rock  the  [streams  that  flowed 
out  southward  from  beneath  the  ice.  Where  the  ice  front  stood  for 
several  years,  the  material  which  the  advancing  ice  pushed  foi-ward  to 
its  tei-minus  accumulated  into  a noticeable  ridge  or  succession  of 
ridges, — the  terminal  moraine;  an  example  is  that  from  Pen  Argyl  to 
Pelvidere,  already  mentioned.  In  most  places,  however,  the  iced)orne 
rock  was  more  evenly  distributed  over  the  ground,  so  that  the  effects 
of  glaciation  are  not  so  striking,  though  still  recognizable.  It  is  pos- 
sible that  the  glaciers  advanced  into  this  part  of  Pennsylvania  and 
retreated  again  northward  between  advances  at  least  three  separate 
times,  an  ai)preciabie  time  elapsing  between  the  [u-eceding  and  each 
fre.sh  advance. 

The  snbseipient  history  after  glacial  retreat  is  chiefly  one  of  erosion. — 
the  slow  decay  of  surface  rock  through  atmospheric  action,  the  gi-adnal 
wearing  away  by  solution  and  abrasion  of  water  rnnning  in  streams, 
and  the  local  deposition  of  the  stream-borne  material  as  bars  or  other 
floodplain  deposits.  Locally  also,  along  the  south  edge  of  lllue  I\Ioun- 
tain,  thick  deposits  of  angular  rock  pieces,  breaking  and  falling  from 
the  (juartzite  cliffs  that  crown  the  mountain  ridge,  have  accumulated 
on  the  slate  terrace  below.  These  are  mainly  if  not  wholly  of  recent 
origin,  postglacial  in  time. 

COMl’OSITIOX  OF  THE  SIv.TTE 

CHEMICAL  COMPOSITION 

There  is  no  great  difference  between  the  chemical  compositions  of 
the  various  tyi)es  of  slate  in  the  Lehigh-Xorthampton  district.  The 
following  table  fnrnishes  a basis  for  comparison.  Attention  may  be 
directed  to  a few  special  features. 

The  average  silica  content  lies  between  56. b and  57.5  ])er  cent. 
Differences  reflect,  in  a measure,  not  merely  variations  in  (piartz 
content,  bnt  also  in  the  mica  present;  a slate  high  in  silica  contains 
relatively  large  amonnts  of  quartz  and  mica  ; conversely,  if  it  shows 
relatively  little  silica  its  calcite  content  is  relatively  high. 

Differences  in  silica  content  are  likely  also  to  be  correlated  with 
variations  in  hai-dness.  Typical  “hai'd’’  belt  slates  are  especially 
high  in  silica,  containing  60  per  cent  or  so.  Conversely  exceptionally 
“soft”  slates  generally  bear  not  much  over  55.5  ])er  cent;  electrical 
slate  is  also  usually  low  in  silica. 

Titanium  oxide  varies  from  0.35  to  0.85  per  cent;  alumina  also  is 
highly  variable.  These  two  constituents  are  not  clearly  related  to  any 
s])ecial  (pialities.  Iron  oxide  content  seems  to  tluctnate  similarly  to 
the  lime  content,  as  a rule,  being  greater  when  the  latter  inci'eases,  a 
fact  which  sniiports  Dale’s  contention  that  the  iron  occurs  as  a car- 
bonate isomorphons  with  calcite.  The  dominance  of  calcinm  over 
magnesium  and  of  potassinm  over  sodium  is  marked. 

Sulphur  and  carlmn  are  highly  variable.  Cai-bon  is  most  pronunent 
in  the  dark  beds  or  “riblions.  ” The  snl|)hur  is  chiefly  in  the  foi'in  of 
pyrite ; contrary  to  what  might  be  expected,  it  does  not  ciipiear  to  l)e 
especially  ]u-ominent  in  the  exceptionally  dark  beds. 


Analyses  of  slates  from  LeJiiyh-A'orlliampton  districts. 
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Photoii)it'r<)f>i'ai)lis  of  slatt*  I'roiii  Lehish-Xonliampton  district.  .\. 
“Hard”  slate,  cut  at  rijiht  aii>iles  to  clcava"!',  fioin  Kotli  quarry,  one 
mile  east  of  Sclieidy;  note  ((iiartzose  bed  or  “ribbon”  Ix'tween  s<‘i‘icitic 
slate,  and  ai)i>ro\iinatc'  ]>arallelisin  Ix'tween  beddinj;  and  cleava<><‘,  as 
shomi  by  elongation  of  lijiht -colored  ((inartz)  ])articles:  v ."iO  dianis.; 

15.  Ty|)ical  “soft”  slate*,  ent  at  rif'lit  angles  to  cleavage,  from  ( 'on- 
solidated-Stiir  <|iiai'ry,  l5an”or;  tin*  lar^c  lens  is  a chlorite  porphy- 
roblast;  smaller  cb'ai-  areas  aie  ((iiartz  lenses;  note  yrapbite  sphei'iiles; 

X 300  dianis.  C.  Same  as  last,  but  in  ])lane  of  cleava}>e;  note 
S'raphite  sj)hernb*s  and  abs<*nce  of  i>ai'allelism  in  orientation;  I). 
“Hard”  slate  fi'on;  Sn.\  (b'rsville  <|narry  of  Walbei'ts  }>‘roni),  cut  paralb*! 
to  cleavajf'c,  seen  nndt'r  crossed  nicols;  tin*  li«ht  jtarticles  are*  car- 
bonate, elongated  sometvbat  in  direction  of  the  grain;  \ l.Ad  dianis. 

I lie  various  light  olit'e-gray  beds  called  (Iray  ht'ds  art'  exc(‘|)tious  to 
some  of  tlie  preceding  generalizations.  In  conijuii-ison  tvitli  the  slates 
of  tlie  Lehigh-Xorthamiiton  district  that  show  the  “hlue-gray"  color 
more  usual  in  such  rocks,  tin*  (Iray  ht'ds  ai'c  I'elatively  rich  in  silica 
and,  in  at  h'ast  two  analyses,  unusually  high  in  the  alkalies  taken 
togt'ther,  while  relatively  lean  in  tin*  alkalint'  earths  and  ('specially  in 
iron;  finally,  though  this  is  not  (h'lnonsti'ated  by  chemical  analysis  hut 
rather  by  petrographic  examination,  the  Gi-ay  lit'ds  are  exceptionally 
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Plio(<>mi(i(»<tiai)hs  of  slat<‘  from  ljeluj>h-\oitham]>toii  district.  A. 
Gray  bed  from  Goiisolidatcd-Star  (Hiarry,  ]iaii}>’«r,  cut  at  riftlit  angles 
to  cknivajic;  note  cldoritc  poi-phyroblasts,  with  clcava};e  at  rijiht  aiif>i<^s 
to  slaty  cl<'avaj>'C  (Cl)  of  firoiiiid  mass;  \ 200  diams.  15.  Soft  slate 
fi-om  Moiitf^omci'y  ([iiarry,  Daniclsvillc,  cut  i)arallcl  to  cleavaf>e;  light 
area  chiefly  <|uart/.ose;  note  crowding  aside  of  ground  mass  showing 
lM>ical  slaty  texture  on  (‘dge  of  knot;  x 1(>.  C.  “Soft”  slate,  cut 
across  tin*  cleavage;  shows  false  cleavage,  in  i)art  xvith  actual  frac- 
tures; X 42;  1>.  Soft  slate  from  Consolidated  No.  3 <iuarry,  Bangor, 

at  right  angles  to  cleavage;  to  show  .joint  tilled  with  calcite  (white) 

and  j)yrit('  (black);  x (iO. 

low  ill  carbon.  The  absence  of  lime,  magnesia,  and  iron  probabl.y 
accounts  foi'  the  fact  that  color-changes  and  weathering  are  even  more 
gradual  than  tvith  the  average  of  the  other  slates.  In  general,  the 
chemical  composition  of  the  (iray  beds  strongly  resemldes  that  of  the 
“unfading  greim  ” slati's  of  Vermont.'' 

MINERALOGICAL  COMPOSITION 

Studies  with  the  jadrogra phic  microsco|)e  are,  in  general,  more 
satisfactor.v  than  chemical  analyses  in  determining  the  (piality  and 

^ T)alp,  T.  y.,  and  (itliiTs,  Slate  in  the  United  States:  U.  S.  Geol.  Survey,  Hull.  586, 
p.  51.  1911. 
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possible  uses  of  a slate.  In  the  eour.se  of  tliis  woi'k  the  \vi'it(‘r  e.xauiined 
64  tliiii  sections  of  slate  samples  collected  by  bim  in  the  liehiyh-Xorth- 
anpiton  distinct,  top-ether  -with  35  others,  made  available  throiipli  Ihe 
conrtesy  of  tbe  Chirator  in  (Jeolopy  of  the  W S.  National  IMnsenm. 

Sections  studied  were  cluetly  eitlier  oriented  at  ripht  anples  oi- 
{larallel  to  the  eleavape  jilane.  Of  tliese  the  latter  yielded  moi-e  in- 
formation repardinp-  the  constituents,  as  they  usually  show  basal  jiina- 
coids  of  the  minerals  to  be  identified.  In  sections  at  ripht  anples  1o 
tlie  eleavape,  on  the  other  hand,  fibers  of  muscovite  and  ](‘ss  com- 
monly of  chlorite,  and  prains  of  (piartz,  calcite,  and  chlorite  are  ob- 
served, all  penerally  elonpated  parallel  to  the  eleavape;  they  thus 
afford  the  best  picture  of  the  structui'al  relations  of  the  minerals. 

Minerals  of  the  state.  Named  in  the  order  of  their  ((uantital ive 
importance,  the  minerals  observed  include  muscovite  (sericite),  (|uart/,, 
calcite  (probably  liearinp  some  mapnesia  and  iron),’  cblorite,  pi-a])hite. 
pyrite,  rutile,  biotite,  mapnetite,  ])lapioclase,  and  zircon.  Tbe  last 
two  are  rare.  A mineral  of  the  kaolin  prouj)  aiipears  to  be  present, 
but  the  species  could  not  be  identified  with  certainty  on  account  of 
the  small  size  of  the  particles. 

Probably  the  ontstandinp  mineralopical  characteristic  of  the  slates 
of  this  district  is  the  relatively  larpe  amount  of  carbonate  (especially 
calcite)  present.  How  mnch  of  this  is  ]n-imary  is  not  certain;  evidenct' 
has  already  been  addiiced-  to  show  that  some,  at  least,  is  sc'condary 
in  the  case  of  the  slates  of  Banpor  and  Pen  Arpyl  and  similar  obser- 
vations have  more  recently  been  made  in  connection  with  the  slates 
of  Danielsville,  Slatinpton,  and  Slatedale.  The  only  ty])e  of  slate 
studied  microscopically  in  which  the  relative  importance  of  carbonate 
was  not  observed  is  that  re]n-esented  by  parts  of  the  so-called  (tray 
beds  at  Banpor,  Pen  Arpyl,  Danielsville  and  Slatedale. 

So  similar  mineralopically  are  the  various  slates  that  a peneral 
descrijition  of  their  mineral  content  may  be  piven. 

Qiiart-z. — 111  clliiisoidnl  uraiiis  iiveriicliic-  0.02.7  nnii.  in  (liaineter,  and  seldom 
attaining  0.10  nun.  Tlie.x'  are  generally  larger  in  the  “soft"  than  in  Ihe  “hard’' 
slate  and  reach  maximum  sizes  in  the  “hard  rolls"  or  sandy  layers  at  the  liase 
of  the  thicker  slate  iK'ds.  The  fineness  of  some  of  the  smaller  grains  is  amaz- 
ing and  the  total  absence  of  grains  with  diameters  as  large  as  0.77  mm.  is 
striking,  in  view  of  Ziegler's"  assertion  that  this  is  the  minimum  size  for 
effective  alirasion  in  water.  As  these  grains  generally  lack  angular  faces,  the 
inference  iiia.v  well  he  that  they  were  blown,  rather  than  carried  liy  streams, 
into  the  waters  of  the  iNIartiiishurg  seas. 

iMost  quartz  grains  have  no  dihedral  angles,  being  moderatidy  or  well 
rounded,  hut  a few,  e.specially  the  largest,  still  show  iiroiioiinced  crystal  angles. 
In  sections  perpendicular  to  the  cleavage'  the  rounding  of  the  corners  is  more' 
premounceel.  yet  even  iiere  oce'asiemal  grains  are  slnerply  angular.  ( fe-e-eisiem- 
ally  the  shapes  are  highly  irre'gular,  having  been  “eatt'ii  inter"  by  aelvaneing 
see'ennlary  calcite.  as  eliscussed  he'leew  (page  170). 

I timensionalfv  the  epu'ertz  grains  are  e'llipseiiels,  with  thre'e  uneepial  axes. 
Ihe  hmgest  and  sheertest  lying  in  the  grain  lehme  with  the'  lemge'st  parallel  lee 
the  cleavei.ge  and  the'  shortest  itt  rigid  angles  tee  it.  The'  average'  reitiee  eef 
gre'.'itest  tee  lefist  dime'iisierns  is  eeppreiximately  2:1.  i^emu'  gretins  are  vei-.\ 
sh'iieler  with  ratieis  var.ving  all  the  wei.v  eqe  lee  .7:1,  anel  the'se'  e'xe'r'ptieina I 
feu-ms  owe  their  elispreepeirtieeimte  length  almeest  surely  tee  .seeonelary  growth. 
Indeed,  almo.st  all  erf  the  markeel  dilt'e'rene'es  in  elimcuisieuis  sheudel  prohahly 
be  attrihuteel  to  metannerphism. 

^ Ueele,  T.  N.,  euid  otlu'rs,  oji.  cit . , ji.  ."je;,  lieu. 

“ Behre,  C.  H.,  .Ir..  Slate  in  Neirl lueniptoii  e.'e)euity,  Peaiesvlvaniee : Pee.  'I'eiii  and  eieejl 
Survey,  Bull.  M 9,  np.  .sei-S2,  19'27. 

“Ziegler,  Victor,  Factors  intleiene'ing-  tlie  roeinding  eef  satnl  grains:  .Joeir  eicol  vol 
li>.  p.  (154,  1911. 
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Most  of  the  quartz  s'l'aius  show  faint  strain  sliadows.  In  places  they  are 
aggregated  to  form  siliceous  “knots”  descrihed  (dsewhere  (see  page  17).  In 
dividnally  tlie  grains  are  generally  clear.  Inclusions  are  relativel.v  few. 
Apatite  prisms  are  the  most  (aanmon. 

In  addition  to  the  quartz  grains  with  definite  boundaries  already  discussed, 
there  are  areas  or  masses  hearing  cloudy  ipiartz  full  of  inclusions,  especially 
of  rutile  needles.  These  ar<'  thought  to  represent  secondary  quartz,  of  the  age 
of  that  .just  mentioned  as  having  contrihuted  to  the  elongation  of  distinct 
particles  of  this  mineral,  hut,  unlike  the  latter,  not  laid  down  around  a quart- 
zos(‘  center.  This  cloudy  quartz  is  so  completely  intergrown  with  the  other 
minerals  m.-iking  up  the  slate  that  it  can  scarcely  he  resolved  under  the 
microscope  and  is  not  suh.ject  to  detailed  study. 

In  the  aggregate  these  two  types  of  (|uartz  vary  in  quantity  with  the  hard- 
ness of  the  slate.  In  some  tinely  lianded  slates,  notably  in  those  of  the  “hard” 
belt,  individual  la>ers  are  seen  under  the  microscoiie  to  be  richer  in  quartz, 
especially  the  graindar  type,  and  the.v  evidently  la'present  sandy  beds. 

IMuscovite. — This  term  is  used  here  for  white  mica  in  general  without  wish- 
ing to  distinguish  hetween  primary  and  secondary  mica,  nor  to  rai.se  the  ques- 
tion whether  the  mica  is  a true  muscovite  or  one  of  the  closely  related  is- 
omor])hous  mixtuncs  recently  descrilaal  hy  Winchell  f the  chemical  analyses 
of  the  slates  strou.gl.v  su.ggest  the  presimce  of  appreciable  quantities  of  soda  in 
the  mica  inoh'cule.  the  ratio  of  soda  to  potash  approaching  1 ;.8. 

The  mineral  assumes  t\\o  forms. — first,  relativcdy  rare  single  flakes,  of 
which  the  lon.gest  dimension  is  to  the  shortc’st  in  the  ratio  of  “ :1  or  more: 
and  second,  ver.v  thin,  hair-like  strands  weaving  in  sinuous  lines  around  the 
more  granular  minerals  and  forming  the  larger  part  of  the  bod.v  of  the  rock. 

The  flake  type  is  in  shi'ed-like  crystals  the  average  smaller  diameter  of 
which  is  about  0.00.7  mm.  It  is  clear,  without  inclusions  or  halos  of  ,anv  kind. 
There  is  a vei-y  faint  greenish  plenchroism,  and  the  mineral  ns  usual  has  the 
greatest  i-elief  parallel  to  the  maximum  dimensional  elongation.  In  the 
cleavage  iilane,  the  mica  flakes  are  .generall.v  virtually  basal  sections,  and 
hence  are  scarcel,\'  ^•isi)lle  under  crossed  nicols.  even  if  turned  4.7°  from  the 
position  of  extinction,  but  in  planes  at  ri.ght  angles  to  the  cleavage  they  show 
as  bi'ightlv  colored  shnals  with  high  lurefringeuce.  Dimensionally  the.v  ar«' 
greatly  elon,gat(>d  in  the  diiection  of  the  .grain,  and  somewhat  less  so  in  the 
plane  of  the  cleavage  and  in  that  at  right  an.gles  to  both  cleavage  and  grain. 
This  type  of  mica  has.  on  the  wlmle,  fair  aggregiite  extinction  parallel  to  Ihe 
grain  direction. 

The  fibrous  type'  of  muscovite  grades  into  the  flake  type  by  pro.gressivc'  re- 
duction of  the  lesser  dimensions.  It  has  exception.ally  good  a.ggTegate  ex- 
tinction, .and  evident l,v  determines  the  cleav.age.  Its  dimensions  in  direction^-' 
other  than  its  maximum  ar(‘  tin  comparison  with  the  length)  so  slight  as  to 
he  negligiiile,  the  individual  shreds  frequently  apiKairiug  virtually  as  dark,  hair- 
like bands  and  onl.v  distinguishable  ,as  crystals  under  highest  magnification. 
I'nlike  the  flakes  alread.v  described,  this  form  of  mica  is  curved  in  sinuate 
lines  to  ad.iust  itself  to  the  more  eiiuidimensioual  mineral  grains,  notahl.v 
cpiartz  and  carbonate,  so  that  the  texture  suggests  somewhat  that  seen  in 
porphyritic  i.gneous  rocks  and  termed  trachytic.  In  the  so-calied  Gray  beds, 
the  fibers  are  wider,  but  still  have  the  same  sinuousness  and  great  length  as 
in  the  more  common  slate  v arieties. 

Calcite  (?). — This  mineral  shows  chiefly  as  rhombs  and  irregular  masses,  the 
latter  especially  where  replacing  quartz.  Its  maximum  dimensions  are  0.01 
mm.,  but  the  particles  vary  fo  sub-microscopic  size  and  there  is  no  uniformity 
whatever.  In  the  plane  of  the  cleava.gx'  the  mineral  grains  are  approximately 
I'homhic  and  ecpii-dimensional,  with  a slight  tendency  toward  elon.gation  in 
the  direction  (d'  the  grain.  In  sections  at  right  angles  to  the  cleavage,  the 
elongation  is  largel.v  parallel  to  the  cleavage,  with  a ver.v  faintl.v  noticeable 
aggregate  polarization. 

When  fresh  .ind  uuweathei-ed  the  mineral  appears  verv  clear  under  the 
microscope,  with  only  rare  inclusions  of  rutih*  and  graphip'.  As  soon  as 
weatherin.g  sets  in.  however.  Ihe  spots  of  calcite  assume  a ru.sty  cfdor.  This 

Winehell,  A.  N.,  Studies  of  the  luioa  group— Part  II:  Am.  Jour.  Sci.,  ser.  5,  vol.  9, 
pp.  419-424,  1925. 
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fact  lends  support  to  the  coiitciition  of  l);ik‘  and  I lillohi'ainP  dial  die  coininon 
carbonate  in  slates  is  an  isoniorplions  inixiure  of  lime,  iron,  and  magnesia, 
for  oxidation  would  dien  produce  discoloration  of  tlie  iron  eoniponnd.  ^i\in;.c 
yellowish  rnstins'. 

One  stiiking  observation  in  eonneetion  wiili  die  oeenrrenee  of  llie  earlionate 
is  its  coininon  replacement  of  other  minerals.  Tliroiinhont  all  the  slate  ex- 
amined, it  is  apparently  lar.uely  secondary  to  tlu'  quartz,  espeeiall.\'  to  the  lentic- 
ular forms  of  the  latter:  in  such  instances  replacement  has  f;enerally  been 
most  effective  at  tlu‘  ends  and  eifaes  of  the  quartz  grains.  eS]ieciall,\’  where 
they  taiier  to  relative  narrowness  I see  li.anre  oo  i . 


Figure  55.  Micioscopic  rains  of  (inaitz  (Q)  leplaceil  (A  and  H)  or 
with  crevices  filled  by  secondar.v  calcite  (C)  ; in  each  case  all  of  the  (jiiai't/. 
is  part  of  one  cr.ysfal.  'I'hin  section  of  slate  from  New  Diamond  (|iiarry, 
I’en  Argyl.  x 350. 

In  places  the  carhonale  has  attacked  and  reiilaced  the  central  part  of  a 
quartz  griiin.  commonl.v  along  a fracture,  and  tlii'  two  (|uartz  remnants,  now 
separated,  show-  simultaneous  extinction  and  similar  orientation;  thus  it  is 
clear  that  the  calcite  is  the  secondary  mineral.  In  a few  instances  feldsiiar 
grains  occur  like  the  quartz  and  have  also  been  reidaced  by  the  caleite,  hut 
to  a lessiu’  de.gree : this,  too,  goes  to  show  that  the  earhoiiate  is  the  later 
mineral,  for  the  replacement  of  calcite  .simultaneously  by  feldspar  and  by 
(tuartz  is  scarely  to  he  expected. 

Chlorite. — Like  the  muscovite,  chlorite  assumes  two  forms.  One  of  these 
consists  of  slender  hakes  sealtm-ed  through  the  greater  part  ot  the  rock  and 
making  up  its  background.  The  quantity  of  chlorite  as  distinct  from  mus- 
covite in  this  form  is  ditticull  to  estimate  on  aceonnt  of  tlu’  tineness  of  gi-ain 
and  the  close  intergrowth  of  most  of  the  mineral  const  itnents.  Its  presence 
can  only  he  verilied  here  and  there  by  a faint  .greenish  pleoeliroisni  or  by  the 
characteristic  unusual  hlue-gra.v  interference  colors. 

The  other  form  in  which  tin'  chloiate  occurs  is  as  tlaki's  or  grains.  In  size 
these  equal  or  exceed  the  largest  grains  of  other  mineral  siieeies  fmiiid  in  the 
rock.  They  are  roughly  rectangular  or  elliptical  in  all  sections  .and  have  .a 
maximum  diameter  of  about  O.ltJ  mm.;  the  avera.ge  (d'  the  greater  dimensions 
is  approximately  O.liho  mm.  Ratio  of  len.gth  on  the  one  hand  to  width  and 
thickness  on  the  other  is  .generally  about  3 ;2.  hut  sections  at  right  angles  to 
the  cleavage  .slnwv  greater  differences  between  the  two  dimensions  than  those 
in  the  cleavage  plane,  on  the  whole,  however,  this  form  of  cldorife  gives  the 
impression  of  v(>r.v  largely  lacking  orient, ation.  Similarly  nnoia(aded  .grains 
-—in  this  ease  feldsjiar-  have  hetai  described  by  Dale  in  Ordovician  schists 
from  Dorsc't.  Viaanont  ;-  mica,  likewise  unorienled  .iinl  elos(dy  res(Mnhlin,g  the 

^ Dale,  T.  N.,  and  other.s,  State  in  the  United  States:  U.  S.  Geol.  Survey  hull  riSlj 
a.  18,  1914. 

TT  f Struetural  <letails  in  the  Green  Mountain  region  and  in  ea.steru  X'ew  York' 

t.  a.  Geol.  Survey  Bull.  19."),  ijp.  Id-IT,  1!NI2. 
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chlorite  in  the  slates  of  tlie  Lelii.uli-Nortliampton  district,  is  also  described 
and  lianred  liy  Horn'  from  the  lower  Devonian  slates  of  the  Eifel  region, 
< Jenna  ny. 

These  iioorly  oriented  chlorite  indi\'idnals  g(‘nerally  sliow  mineral  cleavage 
extending  more  or  less  at  right  angles  to  tlie  cleavage  of  the  slate.  In  addi- 
tion to  a very  poorly  marked  approach  to  dimensional  orientation  in  the 
chlorite,  there  is  thns  also  a mineralogical  orientation  (as  expressed  by  the 
cleavage)  which  is  not  only  not  definitely  parallel  to  the  mineralogical  orienta- 
tion of  most  of  the  other  minertils  in  the  skate  hnt  is.  on  the  contrary,  decidedly 
at  v.ariance  with  the  latter.  In  many  instances  snch  cletivage  has  been  dis- 
torted, twisted  or  bent,  or  is  inclined  to  the  plane  of  the  slaty  cleavage  (see 
Pignre  .at!)  : these  features  all  suggest  deformation  h.v  shetir  or  compression. 


Fig.  50.  IJeiiding'  and  fiactiiriiig  in  inicroscopic  flakes  of  secondary 
sericite.  Tliin  section  of  slate  from  Nexv  Diamond  quarry,  x 350. 


It  is  ditlicadt  to  understand,  however,  how  the  original  mineral  cleavage  of 
the  chlorite  came  in  the  lirst  place  to  he  mineralogically  oriented  at  so  great 
an  angle  to  the  orientation  of  the  muscovite  and  calcite  if  its  origin  is  to 
he  ti-aceil  to  metamorphic  growth.  Possibly  the  chlorite  crystals  imiy  he  re- 
garded as  porphyrohlasts,-  though  Born  maintains  the  similar  mica  grains  to 
he  ilifferent^  from  true  porphyrohlasts. 

On  the  whole,  this  kind  of  cldorite  crystal  is  free  from  inclusions.  It  is 
a light  green  mineral,  witli  light  green  to  white  pleochroism.  A striking 
feature  is  the  occurrence  here  and  there  within  the  mineral  of  very  faintly 
brownish  jireas  showing  interference  colors  of  a high  order,  and  parallel 
extinction,  and  tlius  suggesting  biotite.  It  is  altogethei’  possible  that  these 
represent,  therefore,  biotite  swept  into  the  Martinshurg  seas  by  sedimentation 
and,  in  tlie  process  of  metainorphism,  converted  to  chlorite.  Elsewhere  thin 
stringers  of  a mineral  cross  the  chlorite  which  resemlile  these  biotite  remnants 
in  all  respects  except  in  color,  being  virtually  colorless;  whether  these  are 
to  he  looked  on  as  muscoyitic  alterations  of  the  chlorite  (which  was  the  first 
interpretation  offered).'*  or  as  sedimentary  biotite  that  has  been  bleached,  is 
still  uncertain.  The  writer  inclines  to  the  interpretation  already  suggested, — 
that  the  chlorite  is  poriihyrohlastic  and  the  mica  borders  and  strands  are  a 
later  alteration  product. 

Karel.v  taint  limonilic  halos  surround  the  hiotitet?) — chlorite  lenses  and  an 
occasional  carbon  grain  is  found  in  them  also. 

(Jraphite. — Carl>on,  probably  graphitic,  occurs  in  two  forms, — spherical 
blotches,  about  (1.015  mm.  or  less  in  diameter,  and  irregular  amorphous  masses 
)ip  t<f  0.10  mm.  in  largest  dimensions.  The  latter  are  relatively  rare.  They 
are  most  common  in  the  carbonaceous  “ribbons'’  and  frequently  give  the  ap- 
pearance of  remnants  of  organic  matter;  thus,  in  slate  from  the  Ontelaunee 
ipiairy  the  outlines  are  commonly  curved,  sometimes  resembling  complete 
ellijrses,  though  such  definite  forms  are  generally  lacking.  Locally  the 
graphite  constitutes  masses  with  crenate  edges,  surrounded  by  halos  of  clearer 

^norii,  Axet,  tfrber  Drupk.schiefming  im  Viiristisehcn  Getiirgsl<oerper,  Plate  II,  7 and 
pp.  350-357,  Uorntraeger,  Herliii,  192i>. 

- Grubenmaiin,  U.,  and  Xiggti,  P.,  Die  Ge-stoinsuictamorpliose,  pp.  406-409,  Borntraegci', 
Berlin,  1924. 

•'Born,  Axel,  op.  cit.,  p.  35G. 

•*  Belire,  V.  H.,  Slate  in  Northampton  Copntv,  Pennsylvania:  Pa.  Toji.  and  Geol.  Survey, 
Bull.  M-9,  11I>.  73-79,  19-27. 
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matter,  wiiicli  siisttest  iiiirifK-ation  of  the  ticds  tlirouf;h  the  sej,:rej;atiou  of  the 
carhon  aroniul  a central  nucleus. 

The  spherical  t.vpe  is  a.agre.uated  into  clusters  varyiinr  areatl.v  in  size  or 
occurs  as  spherules,  up  to  O.dl  mm.  in  diametcu',  scattered  as  isolated  in- 
dividuals through  the  slate.  It  is  this  t.vpe  that  determines  tlie  relative  darl':- 
ness  in  the  color  of  the  slate.  I.ocall.v  larger  areas,  up  to  several  inches  in 
size,  are  highly  crowded  with  such  spherules,  forming  the  carhon  “knots”  so 
objectionahle  in  electrical  slate. 

Pyrite. — Ilarely  this  occurs  in  lenses  and  as  tilling  (d'  ^•einlets.  More  com- 
monly it  forms  irregular  masses  or  spherules,  not  readily  distinguishahle  from 
the  graphite  spherules  except  where  weathered.  In  many  places  it.  like 
graphite,  forms  the  centers  of  chlorite  lenses.  Like  graphite  also,  pyrite  ap- 
pears to  be  more  common  in  the  darker  “rihhons."' 

Rutile. — In  very  tiny,  almost  suh-microscopic  needles,  locally  well  oriented 
so  as  to  have  maximum  elongation  parallel  to  grain.  Their  origin  is  prohahly 
secondary,  as  they  apiiear  as  inclusions  associated  only  with  secondary 
minerals. 

Biotite. — This  occurs  rarely,  and  was  seen  only  in  association  with  the 
chlorite  grains  mentioned  above,  which  indeed  may  possil)ly  he  altered  biotite 
flakes.  The  original  presence  of  biotite  (now  greatly  altered)  in  these  cases 
is  suggested  by  the  faintly  brownish  tint  of  some  of  the  chhudte,  the  local 
traces  of  high  birefringence,  and  the  mottled  extinction,  similai'  t(j  that  of 
biotite. 

Magnetite. — In  small  grains,  commonly  included  in  the  chlorite.  Though 
occurring  in  most  thin  sections,  it  represents  only  a small  part  of  the  mineral 
constituents. 

Plagioclase. — Rare  small  grains  of  plagioclase,  greatly  weathered  and  evi- 
dently an  original  sedimentary  constituent,  are  semi,  especially  in  the  more 
sandy  layers.  Their  sizes  approximate  those  of  the  ipiartz  grains.  Alhite 
twinning  lamellae  are  faintly  visible,  but  there  is  not  sutheienf  uniformity  to 
determine  the  composition  of  the  plagioclase.  Being  sedimentary  grains  hrought 
together  from  severai  sources,  they  may  he  expected  to  vary  lietween  the 
possible  extremes  of  alhite  and  anorthite. 

Zircon. — In  rounded  grains,  rarely  seen,  averaging  .04  mm.  in  diameter.  The 
mineral  is  evidently  sedimentary  in  origin  and  is  most  common  in  the  sandy 
layers. 

Tourmaline.  Reported  by  Dale,-  in  similar  slates  from  liauphin  County, 
but  not  found  by  the  writer  in  the  slates  of  this  district. 

Kaolin. — Probably  present,  hut  not  positively  identitied. 

Limoiiite. — This  occurs  as  an  alteration  of  pyrite  and  of  the  carbonate 
(“calcite”?)  in  the  zone  of  weathering.  It  is  not  a primary  constituent  of 
the  slate. 

Late  met  amor  phiam.  In  an  earlier  bulletin''  it  lias  been  sliown  that 
most,  if  not  all,  of  the  caleite  (?)  mentioned  above  is  due  to  a late 
period  of  metamorphism  in  which  waters  saturated  with  carbonates 
attacked  and  replaced  especially  the  quartz  grains  (see  Figure  55). 
This  chemical  effect  may  have  accompanied  the  physical  deformation 
of  secondary  muscovite,  locally  observed  in  the  slate  (see  Figure  56), 
but  the  simultaneity  of  the  two  processes  is  debatable. 

^ See  also  Dale,  T.  N.,  op.  oit.,  p.  IS. 

-Op.  eit.,  p.  109. 

“ Behre,  C.  H.,  Jr.,  Slate  in  Northampton  County,  Pennsylvania:  Pa.  Top.  and 
Geol.  Survey  Bull.  JI-9,  pp.  80-82,  1927. 
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CHEMICAL  AND  MINERALOGICAL 
CHARACTERISTICS  OF  SPECIAL  TYPES  OF  SLATE 

HARD  SI.ATD. 

Several  thin  sections  of  hard  slate  from  quarries  in  the  Lehigh- 
Northampton  district  were  examined  microscopically.  Very  few  large 
grains  of  qnartz  are  in  evidence,  and  much  of  the  gronndmass  is 
amorphous  or  so  finely  crystalline  that  under  the  crossed  nicols  the 
hi'illiantly  eoloi'ed  calcite  and  mnscovite  stand  ont  sharply  from  the 
dense,  colorless  baekgronnd.  In  sections  at  right  angles  to  cleavage, 
the  tlakes  of  mica  have  an  arrangement  faintly  suggesting  flnidal  tex- 
ture. Bands  of  darker  material,  evidently  more  carbonaceous  beds, 
cross  the  field,  and  are  separated  by  a width  of  lighter  colored  matter; 
the  dark  bands  differ  only  in  containing  a larger  number  of  carbon 
ma.sses.  The  light  bands  consist  of  muscovite,  quartz,  carbon,  calcite 
(?),  chlorite,  rutile,  and  plagioclase.  A tyincal  analysis  is  Number 
It),  inider  “Chemical  Com])osition, ’ ’ on  page  174. 

SOFT  SDATD. 

Typical  slate  of  the  hig  beds.  Sections  show  exceptionally  uniform 
size  of  the  grains,  a feature  which  may  well  account  tor  the  perfect 
cleavage  and  excellent  grade  of  the  slate  as  electrical  material.  The 
section  parallel  to  the  cleavage  exhibits  medium-sized  grains  of  calcite, 
quartz,  muscovite,  and  chlorite  in  a rather  dense  gronndmass,  not 
resolvable  into  its  constituents  even  with  strong  lenses.  The  slate  is 
darkened  by  the  presence  of  rutile  needles  and  of  graphite.  Percentage 
composition  of  chief  constituents  is  approximately  mnscovite  20,  chlor- 
ite 20,  calcite  15,  quartz  10,  and  groundmass  and  minor  coustitu- 
tuents  35. 

Harder  and.  softer  beds  compared.  At  the  Consolidated  No.  1-Star 
quarry,  two  specimens  were  selected  by  the  quarrymen  to  compare 
a very  soft  with  a very  hard  bed  in  the  slate.  IMicroscopic  study  of 
sections  parallel  to  the  cleavage  shoAv  that  the  soft  slate  differs  from 
the  harder  in  the  following: 

1.  The  chloritie  and  muscovitic  bands  along  which  the  slate 
cleaves  are  more  closely  spaced  in  the  softer  slate. 

2.  The  individual  grains  are  smaller  in  the  soft  slate  than 
in  the  harder  slate. 

3.  The  total  volume  of  quartz  in  iiroportion  to  the  other  con- 
stituents is  less  and  that  of  chlorite  and  calcite  more  in  the 
softer  .slate. 

A similar  qne.stion  was  faced  by  Dale,^  Avho  concluded,  from  studies 
in  the  .slate  belt  of  Vermont,  that  the  relative  “softness”  of  some 
slates  was  to  be  attributed  to  their  greater  percentage  of  carbonate 
and  to  the  .smaller  size  of  the  individual  quartz  grains,  rather  than 
to  the  lower  ])ercentage  of  silica. 

Chemical  analyses  of  each  of  these  two  specimens  (see  Analyses 
6 and  7,  under  “Chemical  Composition,”  above)  show  that  .silica  con- 
tent is  liigher  in  the  harder  slate. 

1 Dale,  T.  N.,  The  slate  belt  ot  eastern  New  York  and  western  Vermont;  U.  S.  Geol. 
Survey  19th  Ann.  Kept,  part  111,  p.  245,  1S99. 
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^'Ribbons."  Tlie  darker  beds  or  “ribbons”  show  textures  varying' 
from  faintly  to  coarsely  firanular,  the  larger  grains  consisting  ot 
(juartz,  calcite,  and  muscovite.  The  composition  is  ronghly;  graphite 
35  per  cent,  calcite  25,  muscovite  20,  (piartz  10,  indistinguishable 
groundmass  10.  Graphite  is  especially  common  and  largely  obscures 
the  field.  Pju'ite  is  also  present  in  appreciable  quantities.  Chlorite  is 
not  conspicuous. 

The  description  may  be  regarded  as  typical  of  all  the  “ribbons” 
of  the  soft  slate  examined.  In  sections  inclined  to  the  bedding,  the 
lines  separating  alternating  darker  and  lighter  bands  are  very  well 
marked.  The  l)edding  frecpiently  is  jagged  and  iiu'cgular,  and  small 
lenses  of  carbonaceous  matter  lie  between  less  grai)hitic  laminae. 

The  chemical  composition  of  slate  ribbons  is  given  in  Analyses  14 
and  15.  Noteworthy  are  the  relatively  high  amounts  of  carbon,  sulphur, 
and  titaninm  oxide. 

Graij  beds.  These  are  strata  of  olive-green  color,  rare  in  occurrence, 
exceptionally  rich  in  chlorite  and  muscovite,  and  exceptionally  lean  in 
dark  mineral  matter. 

A thin  section  of  a s])ecimen  obtained  from  the  Albion  quarry  at 
Pen  Argyl  and  cut  ]iarallel  to  the  cleavage  was  examined.  The  slate 
is  exceptionally  free  from  dark  material,  containing  graphitic  si)herules 
in  small  quantity  only.  The  texture  is  even  and  tine.  The  main 
constituents  are  present  in  approximately  the  following  per  cents; 
groundmass  of  chlorite  and  muscovite,  60;  calcite  (magnesia  bearing), 
15;  quartz,  10;  muscovite  in  Oakes,  distinct  from  the  fibrous  ground- 
mass,  5 ; chlorite  in  large  pieces,  distinct  from  the  fibrous  groundmass, 
5 ; minor  constituents,  5. 

Thin  sections  of  the  Gray  beds  at  Pangor,  Slatesdale,  and  Daniels- 
ville  show  no  marked  difference  from  that  just  described.  In  some  sec- 
tions quartz  is  in  evidence  and,  though  clear,  without  strain  shadows, 
and  uncorroded,  shows  much  fracturing.  Calcite  is  far  more  common 
in  some  sections  than  in  the  Gray  bed  of  the  Pen  Argyl  group. 

The  chemical  composition  of  the  Gray  beds  is  illustrated  by  Analyses 
11,  12,  and  13,  above.  Es])ecially  noteworthy  are  the  high  silica  and 
the  low  iron,  lime,  and  sul])hur  contents.  A part  of  the  silica  is  un- 
questionably accounted  for  by  the  large  amount  of  chlorite  ]n-esent. 
The  analysis  for  carbon  Avas  not  caiuued  out ; it  would  ])robably  be  Ioav, 
to  judge  by  the  small  amount  of  visible  graphite  in  the  thin  sections. 

Sdiceous  beds  or  “bard  rolls.”  A section  from  a “hard  roll”  in 
a Pen  Argyl  quarry  is  described  below  as  typical  of  the  i)etrogra])hy  of 
such  beds.  The  section  is  cut  parallel  to  the  cleavage.  The  textiire 
is  very  coai’sely  granular  in  comparison  with  true  slate,  and  shoAvs  Avhat 
might  be  described  as  an  arkosic  quartzite  rich  in  calcite,  chlorite,  and 
serieite.  Putile  is  conspicuously  ab.sent.  i\Iost  of  the  definitely  recog- 
nizable grains  are  0.05  mm.  or  more  in  diameter.  The  approximate 
proportion  of  the  constituents,  as  measured  by  a modified  RosiAval 
method,  is  (piartz  30  ])er  cent,  calcite  25,  grajihite  15,  chlorite  10,  mus- 
covite 10,  feldspar  5,  other  constituents  5.  From  this  list  the  dom- 
inance of  granular  minei'als,  as  op])osed  to  those  possessing  a definite 
axial  elongation  in  one  or  more  directions,  is  at  once  apiiarent. 

Elecfrical  .shife.  The  conspicuous  featui-es  of  electrical  slate*  are 
the  fineness  of  texture  and  the  uniformity  in  grain  size.  No  single 
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crystal  or  fragment  shows  a diameter  of  over  0.1  mm.  Even  the 
qnartz,  the  most  coarsely  granular  of  the  constituents,  rarely  exceeds 
0.06  mm.  in  diameter.  Graphite,  tliongh  present,  is  not  conspienons, 
and  rarely  forms  large  aggregates.  These  three  features  are  most 
characteristic.  A comparison  of  Analyses  8,  9,  and  10,  given  above, 
suggests  a slightly  higher  sericite  content  and  a smaller  quantity  of 
pyrite  than  usual. 


ECONOMIC  GEOLOGY 

SUMMARY 

Althougli  the  “hard”  slate  of  the  Lehigh-Northampton  district  is 
essentially  nniform  throughout  its  thickness,  the  various  l)eds  of  the 
“soft”  slate  are  not  all  e»iually  and  uniformly  workable.  Some  strata 
ai-e  valuable,  Avhereas  others  are  sheer  Avaste.  Such  differences  depend 
in  part  upon  initial  variations  in  the  character  of  the  sediments  making 
up  the  slate.  They  are  sufficiently  marked  and  at  the  same  time  pos- 
sess enough  constancy  in  areal  distribution  to  merit  consideration  only 
in  the  ease  of  the  “soft”  slate. 

In  addition,  the  beds  have  been  thickened  or  thinned  through  fold- 
ing, and  thus  made  relatiAmly  more  or  less  valuable  in  differing  places 
on  the  folds.  Faulting  has  complicated  their  distribution,  and 
minor  structural  features,  such  as  joints,  Iibat  introduced  in  different 
areas  differing  factors  that  alter  from  ]Alaee  to  place  the  economy  of 
woi'king  these  deposits. 

A consideration  of  these  geologic  factors  that  enter  into  the  Avork- 
ability  of  the  slates  of  Pennsylvania  is  the  chief  object  of  this  report. 
For  the  Lehigh-Northampton  district  they  are  briefly  listed  and  dis- 
cussed in  Avhat  folloAvs. 

In  the  region  underlain  by  the  “soft”  slate,  comprising  the  upper 
member  of  the  Martinsbnrg  formation,  between  Danielsville  on  the 
Ave.st  and  Wind  Gap  on  the  east,  the  development  of  the  “soft”  slate 
consists  of  only  a fcAV  quarries,  now  long  abandoned ; stratigraphic 
sequence,  structure,  and  technology  differ  someAAdiat  east  and  Avest  of 
this  undevelo])ed  region.  Hence  in  discussing  certain  phases  of  geology 
and  develo]mient  it  is  best  to  sejAarate  these  tAvo  sub-districts,  a practice 
that  Avill  be  folloAved  in  considering  tlie  detailed  stratigraphy  and  the 
larger  structures. 

DETAILED  STRATIGRAPHY  OF  THE  SOFT  SLxVTE 

(General  considevdfionfi.  As  is  aatII  knOAA’u  to  the  slate  ojAerators. 
it  is  highly  advantageous,  other  things  being  equal,  to  AAmrk  thick, 
rather  than  thin  beds.  Hence  it  is  desirable  to  knoAV,  especially  in  the 
“soft”  slate  of  the  Slatington  and  Pen  Argyl-Bangor  regions,  AA’hat 
beds  are  available  in  a proposed  plot  of  land  or,  in  the  case  of  a quarry 
already  oiAened,  hoAV  far  the  operator  must  go  horizontally  or  A'ertically, 
Avith  due  regard  to  the  angle  of  dip  of  the  beds,  before  he  AA’ill  reach  a 
desired  thick  or  “big”  bed.  For  these  purposes,  as  well  as  for  Avorking 
out  exactly  the  structure  of  the  region,  a detailed  knoAvledge  of  the 
setpieuce  of  beds  in  the  “soft”  slate  belt  is  indispensable.  Much  care 
Avas  gNen,  therefore,  to  thickness  measurements,  and  the  results  are 
]Aresented  beloAA". 

Slate  ojAerators  folloAV  the  jAractice  of  Aueasuring  slate  beds  by 
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‘‘length,”  that  is,  of  qnoting  the  distance  from  top  to  l)ottom  when 
measured  along  the  “split,”  or  cleavage.  This  value  varies  with  two 
things,  (1)  the  angle  of  intersection  between  cleavage  and  bedding 
and  (2)  the  true  thickness  or  shortest  distance  between  to])  and  bottom 
of  the  beds.  Generally  thickness  gives  a lower  figure  than  “length,” 
though  rarely  the  values  of  the  two  are  identical.  Figure  18  shows 
how  a bed  having  a con.stant  thickne.ss  may  vary  in  “length”  with  the 
angle  of  interesection  of  split  and  bedding.  It  shonld  be  clear  that 
if  the  thickness  is  known,  the  “length”  can  be  obtained  liy  laying 
off  the  angle  between  sidit  and  bedding  and  reading  the  resulting 
distance  (see  Figures  24,  25,  and  26). 

As  thickness  is  less  variable  than  “length,”  the  value  of  the  former 
is  given  in  the  following  tables  leaving  the  reader  to  compute  the 
“length”  by  the  method  just  described. 

Among  slate  operators  it  is  customary  to  speak  of  closely  a.ssoeiated 
beds  as  constituting  “rnns.”  Thus  in  one  imstance,  there  are  two 
conspicuous  beds,  each  about  fifteen  feet  thick,  separated  by  an  ajv 
proximately  ecpial  thickness  of  less  massive  beds.  In  the  case  cited  the 
two  thick  strata  are  called  the  Upper  and  Lower  Franklin  big  beds; 
hence,  they,  with  the  thin  beds  or  “ribbons”  that  lie  between  them, 
are  called  collectively  the  Franklin  “run.”  Though  geologists  do 
not  use  the  term  “run.”  its  retention  in  this  report  is  Ijelieved  justified 
by  popular  practice. 

Sources  of  error.  Every  effort  was  made  to  obtain  accurate  thick- 
ness measurements  which,  made  in  one  or  at  best  a few  places,  should 
be  applicable  elsewhere,  Avith  fair  hope  of  correctness.  It  should  be 
stated  at  once,  hoAvever,  that  all  such  attempts  to  transfer  the  measure- 
ments made  in  one  place  to  another  locality  are  subject  to  grave  errors, 
and  hence  that  they  should  be  applied  with  corresiionding  reservations. 
For  this  there  are  sev'eral  reasons. 

In  the  first  place,  not  all  of  the  beds  are  accessible ; exposures  are 
generally  discontinuous  and  some  of  the  strata  that  have  been  and 
in  future  aaTII  again  perhaps  be  of  economic  importance  are  uoav 
coATred  by  Avater  or  slate  Avaste.  Thus,  the  Iq)per  Keystone  big  bed, 
once  Avorked  in  the  Keystone  and  other  quarries,  is  mnv  iiOAvhere  shoAvn 
and  no  data  as  to  its  actual  thickness  or  the  aggregate  thickness  of  the 
smaller  beds  separating  it  from  the  LoAver  Keystone  big  bed  are  avail- 
able. For  this  reason  its  thickne.ss  is  not  separately  listed  in  the  table 
of  thicknesses  AA'hich  folloAvs.  Again,  the  beds  of  the  Columbia  “run,” 
though  A’isible  from  the  quarry  Avails,  could  not  be  actually  measured ; 
hence  their  thicknesses,  too,  are  uncertain. 

Second,  due  to  folding,  the  beds  thicken  and  thin  greatly  and 
average  thicknesses  are  therefore  arrived  at  Avith  difficulty. 

Third,  as  Avith  all  sediments,  the  individual  strata,  even  before 
folding,  varied  someAA'hat  in  their  original  thickness  from  place  to  place. 

Fourth,  the  figure  for  “average”  thickness  itself,  Avhen  comjnited, 
generally  introduces  errors  because  of  the  limited  number  of  obser- 
A’ations  upon  Avliich  such  an  average  is  based. 

Fifth,  the  folding  is  so  close  that  a section  measured  down  the  dip 
cuts  across  beds  Avith  constantly  changing  dips;  hence  total  thickness 
estimates  almost  ahvays  introduce  errors  of  at  least  minor  A’alue. 

The  uncertainty  in  thickness  estimates  also,  of  course,  carries  Avith 
it  a corresponding  uncertainty  in  structural  interpretation. 
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To  reduce  errors  in  individual  cases  the  final  thickness  values  given 
in  the  tables  (and  generally  nsed  in  structural  interpretation)  repre- 
sent, wherever  possible,  the  average  of  several  observations.  The  total 
of  the  average  thicknesses  of  the  “soft”  slate  beds  measured  near 
Slatington  is  2,355  feet  and  near  Pen  Argyl  and  Bangor  a minimum  of 
1,875  feet,  as  against  a total  of  1,529  feet  arrived  at  by  Sanders  in  his 
study  of  the  slate  belt.^  The  two  figures  are  roughly  comparable,  es- 
pecially in  view  of  the  fact  that  Sanders  does  not  show  at  exactly 
what  horizon  his  measurements  begin. 

Sequence  in  wesfern  part,  Lehigh-Nurthampion  district.  In  the 
following  table  the  beds  recognized  by  the  (luarrymen  are  given  the 
names  by  which  they  are  most  generally  known.  The  table  indicates 
maximum  and  minimum  observed  thicknesses,  as  well  as  a value  re- 
ferred to  as  “average  thickness”,  which  generally  represents  an  arith- 
metical mean  of  all  observed  thicknesses  or  gives  what,  in  the  best 
judgment  of  the  writer,  can  be  regarded  as  the  usual  thickness.  In 
certain  cases  (e.  g.,  the  big  beds  of  the  Peach  Bottom  group)  only  one 
measurement  of  thickness  could  be  made;  in  snch  cases  the  “average” 
thickness  is  the  thickness  actually  measured,  and  maximum  and  mini- 
mum thicknesses  agree,  hence  are  omitted. 

In  a few  instances  so  much  uncertainty  or  variation  exists  in  the 
thickne.ss  measurements  of  a bed  or  group  of  l)eds  as  to  necessitate 
si)ecial  mention.  Thus,  the  full  interval  between  the  top  of  the  Upper 
Franklin  big  bed  and  the  base  of  the  Lower  Star  big  bed  could  be 
measured  in  only  two  jilaces;  one  result  gave  350  feet  at  the  Bloos 
cjuari'ies  west  of  Slatedale,  where  the  strata  were  not  actually  exposed, 
and  it  was  necessary  to  accejit  without  further  confirmation  the  state- 
ments of  slate  men  as  to  the  ]mint  of  outcrop  of  the  beds  in  cpiestion; 
the  other  gave  150  feet  between  the  old  Keystone  and  the  Franklin  Big 
Bed  quarries  along  the  Lehigh  Valley  Railroad  at  Slatington.  An 
average  valne  of  128  feet  was  finally  taken,  because  data  on  more 
accurately  measured  ])arts  of  the  se(iuence  seemed  to  point  to  this  as 
the  most  exact  figure. 

Uses  of  beds  in  western  part  of  Lehigh-Nortbanipton  district.  The 
most  common  use  to  which  almost  all  of  the  thicker  beds  have  been 
jnit  is  for  roofing,  there  being  still  a large  tendency  on  the  part  of 
the  Slatington  oi)erators  to  give  preference  to  roofing  slate  manu- 
facture. In  the  Peach  Bottom  and  Seagersville  beds  this  use,  as  far 
as  can  be  learned,  absorbed  practically  all  the  production.  The  two 
big  beds  of  the  Blue  Mountain  “run”  are  suited  for  structural  slate 
and  blackboai'ds ; beneath  these  a consincuously  hard  l)ed,  which  is 
about  6 feet  thick  and  lying  about  1 foot  below  the  lower  i)ig  bed  of 
the  Blue  Mountain  “run”,  shows  low  current  leakage  and  thus  is 
well  adapted  for  electrical  ]miq)oses. 

The  Trout  Creek  beds  are  not  at  present  (piarried ; they  were  formerly 
Avorked  jirimarily  for  roofing.  (If  fhe  Penn  Lynn  series  two  of  the 
thicker  beds  served  for  blackboards  and  one  was  used  for  roofing,  but 
the  production  consisted  largely  of  roofing  slate  from  the  smaller  beds 
that  lay  betAveen  the  large  ones. 

The  Washington  ])ig  beds  east  of  Lehigh  RiATr,  are  used  mainly  for 
blackboards,  but  west  of  the  river  the  lOAver  bed  is  generally  too  full  of 

1 Sanders,  R.  N.,  and  others,  Geology  of  Lehigh  and  Xortlianniton  Counties;  Pennsyl- 
vania, Second  Geol.  Survey,  D 3,  vol.  1,  p.  135,  1883, 
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Table  of  soft  slate  beds.  ' lecsfeiai  part  of  LehUih-Xorfhaoi pton  distfict. 


Columbia 

‘■run” 


Lockp  "run” 


Star.  Empire 
or  Eureka 
"run" 


Keystone 

"run" 


Franklin 

"run" 


Wasliinaton 

"run" 


Trout  Creek 
"run" 


Hlue  Moun- 
tain "run" 


Saegersville 
or  IVil- 
liamstown 
“lain" 


Peaeli  Pot- 
tom  "run" 


Thickness  in  feet 
Maximum  ^Minimum  Avernse 


f 

t'liiier  Columbia  bin  bed  

r2 

11% 

12 

1 

Intervening  tbinner  beds  

V 

30 

^Middle  Columbia  bin  bed  

V 

V 

15? 

Intervening  tliinner  beds  

V 

? 

50 

1 

Lower  Columbia  liig  bed  

*> 

15  Lj 

Intervening  tbinner  beds  

? 

? 

20 

Manhattan  ( I'ppermost  Locke)  big  bed 

20 

!)% 

15 

f 

Intervening  thinner  beds  

100 

-! 

Second  (Middle)  Locke  big  bed  

h 

14% 

Intervening  tbinner  beds  

00 

40 

5() 

i 

First  Locke  (Klondike)  big  bed  

141/g 

10 

12 

Intervening  tbinner  beds  

7 

45 

r 

I'piier  Star  ( Enudre,  Eureka)  big  bed  .. 

2014 

1 

151.. 

Intervening  tbinner  beds  

114% 

17 

iti 

1 

Lower  Star  ( Empire,  Eureka  ) big  bed  . . 

21 

7 

13 

Intervening  tbinner  beds,  including  the 

Fullmer  "run"  

1 

1 

r 

Upper  Keystone  big  bed  

1 

fllO 

Intervening  tbinner  beds  

U50 

} M,70 

J 

1 

Lower  Keystone  big  bed  

1 

IS 

Intervening  thinner  beds  

1(55 

Alammotb  big  bed  

1 

12  U. 

Intervening  thinner  beds  

J 

02% 

f 

Upper  Franklin  liig  bed  

17 

11 

13 

Intervening  tbinner  beds 

28% 

SL, 

10 

1 

Lower  Franklin  big  bed  

2.7% 

10 

10% 

Intervening  tbinner  beds  

1 55 

150 

153 

latt'le  Franklin  big  bed  

14 

12 

13 

Intervening  tbinner  beds  

10!) 

(15 

87 

r 

Upper  "Wasbington  big  bed  

47% 

10 

20 

Intervening  tbinner  beds  

l!)i/. 

!) 

13 

1 

Lower  M’ashingtou  big  bed  

28 ' i; 

9 

10 

Intervening  tbinner  beds  including  some 

big  beds  in  Penn  I.vnn  "run"  

V 

2(  )5 

r 

I'pper  Trout  Creek  big  bed  

24 

10% 

22 

Intervening  tbinner  beds  

24 

10 

21 

L 

Lower  Trout  Creek  big  bed 

1!) 

17 

IS 

Intervening  tbinner  beds  

OoO 

2!)0 

320 

r 

Upiier  Plue  Mountain  big  bed  

18 

13 

10 

Intervening  tbinner  beds  

1.7 

5 

0 

1 

Lower  Plue  ^Mountain  big  bed  

•)0 

11 

15 

Intervening  tliinner  beds  

270 

2.50 

200 

f 

Upiier  Saegersville  ( M'illiamstown  1 big 

bed  

12^/4 

7% 

!) 

Intervening  tbinner  beils  

41/. 

0 

Lower  Saegersville  big  bed  

IC, 

10% 

14 

Intervening  tbinner  beds  

‘t 

105 

r 

Upiier  I’eaidi  Pottom  big  bed  

13% 

Intervening  tbinner  beds  

V 

V 

1.31  •. 

1 

Lower  I’eacli  Pottom  big  bed  

V 

V 

10%. 

Total  thickness  measured  

‘2355'.. 

Sandy  beds  of  middle  member  of  the 

Martinsburg 

“knuLs  ’ for  this  jmrpose.  The  tipper  lied  is  also  utilized  for  electrical 
slate.  Two  black  beds  in  the  sequence,  one  under  each  liig-  bed,  yield 
good  school  slate  material. 

Of  the  Franklin  beds,  the  lower  is  generally  more  valuable  as  it 
makes  excellent  blackboard  slate.  The  upper  bed  can  also  be  used 
locally  but  is  not  uncommonly  sjioiled  by  smtill.  discontinuous  joints. 
Both  big’  beds  are  of  course  in  demand  for  roofing. 
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PLATE  39. 


Columbla-Manhattan  ,, 

“Runs”  Locke  Run 

Manhattan  Quarry  Manhattan  Big  Bed  Hern  Quarry 


Locke  Quarry 


Lower  / 
Columbia/ 
12'  / 


sdy. 


It  30 


Manhattan 

/9'9'* 


sdy. 


cal.  bed 


Manhattan 
20' 


Sdy. 

It.  37" 
lt.3V' 

It.  60" 


It.  56" 
it.aV' 


Middle 
Locke 
Big  Bed 
Sdy. 

It.  59' 


It.  55 


Star“Run” 
Blue  Ridge 
Quarry 


Upper 
Star , 
25  Vz 


Star "Ran' 
Empire 
Quarry 


cal.bedlj^ 


IT.  50" 

School  „ 
slate  90 


Lower 
Locke 
Bid  Bed 


Sdy. 


sdy. 

itssYa' 
lt.32" 
lt.38"„ 
It.  isVa' 
It  28" 

It.  39" 
It  26" 
It  33"  „ 
sdy  7 


Lower 

Star 

18' 


sdy."" 


Upper 
Star 
1 2 '5" 


Star  Run 
Eureka 
Quarry 


sdy. 

^hattere^ 
lf^f?onel8l 


It  75" 
sdy. 


Lower 

Star 

21' 


sdy."" 


JlULUlIilJI  sdy. 


Upper 

Lower  Keystone 
'^^2  Big  Bed 

Keystone  Quarry 

sdy. 


It  32 


Lower 

Star 

101/2 


It.  37" 


Lower 

Keystone 

18' 


sdy. 


lt3V 

It46" 

cal.bed 


calbed 


lt.33" 


EXPLANATION 
It.  (light) 
sdy.  (sandy) 
cal.  (calcareous' 


Thiokne.ss  measiirejiieiits  in  beds  at  Slatingtoii  and  Slatedale. 
Seale  1 ineh=290  inches. 
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PLATE  40. 


FranUlm  Run  Ffanklin  Run 
Quarry  67*B  Quarry  71  r i i 

^ ^ Lower  l-ranUiin 

Big  Bed 

Sdy  Welsh+own Tunnel  . r-  , , 
LiHlerranUlin 
Big  Bed 
Lower  rr  cut, 
Franklin  Slatington 


Upper 

Franklin 

l^'(est) 

sdy.' 


‘*2  ' 
sdy 


Top  of 
Lower 
Big  Bed 


sdy 

cal. 

sdy 

sdy 


9' 

sdy. 


Upper 

Franklin 

fractured 
; zone 


It  34- 

I 


Little 
Franklin 
Big  Bed 
6,2' 
sdy. 


Upper  Washington 
Big  Bed 

Carbon  Quarry(Wo.46) 


' Washington  Run” 

FrTnkhnQ-a-VSB 

thickn  ISli^ 

Sdy 


Washington'Run"  Washington'Run”; 
Genuine  Washington  Berlin 

Quarries 


Quarries 


Upper 
Washington 

Big  Bed 
35' 


sdy. 

It 

It. 


Lower 
Washington 
Big  Bed 
30' 


It  32/2 
Beds  and 
Rlbbons24' 


Upper 
Washington 
10' 

Notscen^S 

It  18" 


Lower 
Big  Bed 
^3' 

sdy. 


Blue  Mountam'Run” 
Upper^'!"^  Mountain 

Washingt6n®^f^y, 

34'3''  i' 

Upper 
Big  Bed 
13' 


sdy. , 

Covered 

4LV 


Beds  and 
Ribbons 
; 24/2 

Lower 
Washington 
21' 


sdy 


EXPLANATION 
It.  (light) 
sdy.  (sandy) 
cal.  (calcareous) 


It.  33" 
It  34-;; 
itSO''^ 


It  37 
dk,lt.47 


Upper 
Wash- 
ington 
47 '3" 


sdy. 


sdy.  27" 

\ Blue  Mountain(^)'Run” 
Ribbons  Quarry  49 


13' 


lunmnEcij 


Middle 
Big  Bed 
22' 


sdy 
\ 21" 
ite'^ 
30"'' 

Lower 
Big  Bed 
6'3'' 

sdy. 


nrminn: 


Upper 

BieBedS' 

sdy. 


It  29" 
1129" 


Lower 
Big  Bed 
I8'2'' 


sdy. 


Thickness  nieasureinents  in  beds  at  Slatiiif*ton  anti  Slatedale. 
Scale  1 ineh=r200  inches. 
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The  Little  Franklin  big  bed,  not  at  present  quarried  anywhere,  was 
valnable  for  roofing  and  blackboards.  A little  above  it  a dark  bed  was 
even  better  adapted  to  the  latter  use.  The  IMamnioth  big  bed,  though 
a thick  stratum,  is  too  hard  for  most  purposes  and  has  generally  been 
made  into  roofing  slate. 

The  beds  of  the  Star,  Locke,  and  Columbia  “runs”  are  said  to  be 
softer  than  those  lower  down  in  the  secpience,  in  this  respect  suggest- 
ing strongly  the  Pen  Argyl  beds.  They  find  their  chief  use  in  struc- 
tural and  roofing  slate. 

Sequence  in  eastern  part,  Lehigh-Northampton  district.  At  Wind 
Gap,  Pen  iVrgyl,  and  Bangor  the  upper  member  of  the  Martinsburg 
formation  can  lie  sejiarated  into  two  parts,  which,  following  the 
quarrynien,  may  be  called  the  Bangor  beds  (below)  and  the  Pen  Argyl 
beds  (above).  Although  the  exact  thickness  of  the  entire  series  of 
Bangor  or  of  Pen  Argyl  beds  is  not  determined  with  certainty  because 
a complete  section  across  either  division  is  not  afforded  and  because 
the  crunii)ling  of  the  beds  is  too  severe,  exact  measurements  were  made 
of  parts  of  these  smaller  stratigraphic  divisions  as  exposed  in  quarries. 
In  all  cases  the  strata  were  measured  in  jiarts  of  an  inch,  the  rule  be- 
ing laid  along  the  cleavage;  the  values  obtained  were  then  recalmdated 
to  yield  actual  thicknesses  as  measured  at  right  angles  to  the  bedding 
lilanes. 

Where  the  thicker  beds  can  be  identified  and  correlated,  they  serve 
as  key  horizons.  In  this  way,  generalized  values  of  the  thickness  of 
slate  intervening  between  two  beds  can  be  ascertained,  whenever  that 
thickness  is  exposed  in  the  quarries.  As  already  mentioned,  the  values 
for  the  beds  intervening  between  lug  beds  vary  sharply  with  the 
structural  position  of  the  section  measured.  The  table  which  folloAvs 
is  therefore  generalized. 

Within  the  Bangor  and  Pen  Argyl  beds  there  are  local  disagree- 
ments as  to  the  names  applied  to  some  of  the  runs  and  to  their  sub- 
divisions, the  separate  beds,  but  the  most  generally  accepted  terms 
have  been  used  in  the  folloAving  table. 

The  figures  given  represent  average  thicknesses  in  feet.  Parts  of 
the  sequence  were  measured  in  detail,  others  were  onlj^  estimated. 

Uses  of  t)eds  in  eastern  part  of  Lehigh -Northampton  district.  The 
principal  use  of  the  “soft”  slate,  here  as  at  Slatington,  is  for  millstock 
and  roofing  slate.  In  the  Pen  Argyl  beds,  the  slate  below  the  Albion 
“run”  and  above  the  Pennsylvania  “run”  seems  to  be  better  suited 
for  structural,  electrical,  and  blackboard  material  than  for  roofing. 
The  Gray  bed  of  the  Albion  “run”  makes  exce])tionally  fine  roofing 
slate.  Beds  light  in  color  and  hence  low  in  carbon  are  used  for  elec- 
trical material.  Certain  thin,  dark  beds  at  Bangor,  especially  in  the 
North  Bangor,  North  Bangor  No.  2,  and  North  Bangor  No.  3 “runs,” 
are  used  for  school  slate,  but  the  ])roduction  of  school  slate  in  this  ])art 
of  the  region  is  not  large.  Practically  all  of  the  big  beds  are  used  in 
making  blackboards. 

Correlation  of  eastern  and  western  parts  of  Lehigh-Northampton 
district.  It  was  hoped  that  detailed  measurements  would  shoAV  a cor- 
respondence between  the  beds  of  the  Bangor  and  Pen  Argyl  region  in 
Northampton  County  and  those  of  the  Lehigh-Northampton  district, 
as  exiiosed  from  Danielsville,  Northamjiton  County,  westAvard.  Such 
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Table  of  soft 


Pen  Argyl 
l)e(ls 


Rangor  beds 


slate  hedsi  eastern  part  of  Lchigh-Xorthampton  district. 


( I’eini.sylvania 


U’l]  ickiK'ss 
in  feet 


"nin''  flnlervening  Ixals  •>i 

liiir  bed  ...  ’ ' ’ “i.i  rr 


12.5 

no 


j ULU 

Llntervening  beds 

Fnineasiired  thickness,  including  the  United  States 

fjehnny  Knack  lied  

, Interyening  lieds  _n,., 

(lenuine  l)ig  lied  (; 

! Intervening  lieds  f. 

Ked  bed  I) 

Intervening  beds si; 

IPiig  bed  j 

Intervening  lieds  o.rr; 


Diainiind  “run’ 


10 

ICi.d 


'Jenny  Weeks  lied  ](|  5 

Intervening  lieds  ‘f’  -. 

Hard  big  lied  ' ' 

Intervening  beds  ^ ' 

P>ig  bed  . . . 

Intervening  beds  . . 

tlray  bed  

Intervening  beds  

j llenuine  big  bed . . 

I Intervening  beds  ^.‘1 

! Hard  Fnint  big  bed  y; 

Intei'veiiing  beds  ji; 


Albiiiu  “run’ 


12 
»> 

T.n 

72.5 
.5.5 

14.5 
14 


Acme 


Intervening  beds 


Plmei 


beds 


-j  P.ig  bed 
I Intervenin 

k , LBig  bed  

j I nineasiired  thickness,  largelj'  sandy 

Xortli  Tlangdi'  Xo.  3 


P>ig  lied  f, 

Intervening  beds  41.5 

Pig  bed  ' 5 '-, 

Intervening  beds  27  5 

Pig  bed  ■ ; ■ ■ fj  'r, 

Intervening  beds  . 

l^Pig  bed  ' ' {)’ 

^<S‘^ 

Pig  bed  4.5 

Intervening  beds  12 


Xdi'tii  Pangdr  N'o. 
"run’’ 


3 


Xoi'tli  Hangdi-  X'o.  2-\ 
"run’’ 


Pangdi-  T'nidii  “i-un’ 


Old  Pangor  “run" 


First  big  bed  

1*^ 

Intervening  beds  

. . . ■ ■ ‘>3 

Xbirth  Pangdr  X"d.  3 

Secdiid  big  bed 

11 

Intervening  beds  

40 

fXdrtb  Pangdr  Xd.  2 

-|  Pig  bed  

Llntervening  beds  

I'X’iirt'li  Pangdr  big-  bed  

J Intervening  beds  

1 .Mike  Tayidi-  big  Iasi  

[Intervening  beds  

f Pangdr  I'nidii  big  bed  

J Intervening  beds  

j niack  Jiihhoii  bed  

[Intervening  beds  

30 

rl3  big  bed 

- 

Intervening  beds 

Gray  bed  

Intervening  beds 

Gi'and  Fenlral  “run’ 


Middle  ttlray  Ped  ) big  bed 

Intervening  beds  25 

.4-fddt  big  bed  

Intervening  beds  25 

4 


TGrand  f’entral  First  big  bed 

i’’i  Intervening  beds  

iGrand  Geiitral  Seciind  hi 
Iiital  tlnckiu'ss,  luiniimnii  


bed 


. 25 

S 

.1S74.5 
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a correspondence  conld  not  be  established  ^Yitll  certainty,  however. 
There  exists,  nevertheless,  one  basis  for  a possible  correlation. 

At  Pen  Aro:yl  there  is  a jieculiar  olive-green,  highly  ehloritic  bed, 
the  “Gray”  l)ed  in  the  Allhon  “run”  of  the  l^en  Argyl  group.  A 
layer  of  similar  composition  and  appearance  is  exposed  in  the  Hower, 
Banner,  and  Montgomery  quarries  of  the  Berlinsville  region,  and  is 
.said  also  to  have  been  found  at  App’s  barn,  three-fourths  of  a mile 
west  of  Berlinsville  and  Ihi  miles  east  of  "Walnntport.  It  is  very 
likely  that  these  several  occurrences  represent  one  and  the  same  layer. 
This  bed  seems  to  be  about  as  high  above  the  uppermost  jirominent 
sandy  layers  of  the  middle  hlartinsburg  as  is  the  Gray  bed  of  the  Pen 
Argyl  “run.”  It  should  lie  mentioned  that  a similar  bed  is  found  in 
the  quarries  of  the  Columbia  grou])  at  Slatedale  but  seems,  from  struc- 
tural considerations,  to  be  about  400  feet  higher  in  the  sequence.  Some 
of  the  older  slate  oi)erators  subscribe  to  this  correlation  and  regard 
the  beds  beneath  the  “Gray”  bed  in  the  Dauielsville  region  as  equiva- 
lent to  those  beneath  the  “Gray”  bed  at  Pen  Argyl;  thus,  the  Knifey 
bed  of  the  Ilower  (piarries  at  Dauielsville  is  thought  to  be  the  equiva- 
lent of  the  Genuine  big  bed  of  the  Albion  “run”  at  Pen  Argyl.  In 
that  case,  the  strata  of  the  Pen  Argyl  group  of  eastern  Northampton 
County  woidd  be  the  approximate  equivalents  of  the  beds  of  the  Slat- 
ington  region  from  the  Franklin  “run”  u])ward,  whereas  the  strata 
of  the  Bangor  group  of  eastern  Northampton  County  would  correspond 
to  the  beds  from  the  Franklin  “run”  downward.  This  correlation 
could  not  be  established  with  absolute  certainty  on  the  basis  of  meas- 
urements, however,  as  the  few  good  exposures  of  the  critical  region 
between  Dauielsville  on  the  west  and  Wind  Gap  on  the  east  are  in 
quarries  Avhich  are  now  inaccessible  because  abandoned. 

For  practical  pui'iioses,  it  has  seemed  wiser  to  separate  the  strata 
of  soft  slate  exi)o.sed  in  the  quarries  of  the  Slatiugtou  grou])  on  the 
basis  of  certain  prominent  beds  especially  well  recognized  at  Slating- 
ton,  rather  than  to  carry  westward  the  units  em]doyed  in  ma])ping  in 
the  ea.stern  part  of  the  Lehigh-Northanqhon  district,  which  are  no 
longer  clearly  recognizable  in  the  Slatington  region. 

THICKNESS  OF  STRATA 

A striking  difference  between  the  Bangor-Peu  Argyl  and  the  Slat- 
ington  regions  is  in  the  relative  thickness  of  the  beds.  This  is  con- 
firmed by  comparing  tbe  thicker  or  “big”  beds  in  these  two  regions, 
remembering'  that  figures  represent  actual  thicknesses  measured  at 
right  angles  to  the  bedding  plane  of  the  layers  in  question.  The  thick- 
est bed  of  the  Baugor-Pen  Argyl  region  is  the  Genuine  big  bed  of  the 
Albion  “run”;  it  averages  14V2  feet  from  top  to  bottom.  As  com- 
pared with  this,  the  Up])er  AVashington  big  bed  at  Slatington  is  20 
feet  thick  and  reaches  a maximum  of  47  feet  in  one  measurement. 

To  Avhat  extent  thickness  is  related  to  folding  and  to  what  extent 
it  expresses  the  relative  quantity  of  sediment  laid  down  during  the 
dejmsition  of  the  stratum  cannot  with  certainty  be  determined.  The 
beds  at  Bangor  are  certainly  more  closely  compres.sed  than  anywhere 
at  Slatington,  as  shown  in  the  pinching  at  the  trough  of  the  Bangor 
syncline  ivhere  exposed  in  the  Bangor  Union  and  Old  Bangor  quar- 
ries. Nevertheless  differences  in  degree  of  compression  cannot  account 
entirely  for  the  relative  thinness  of  the  beds  at  Bangor,  for  even  in 
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the  troughs  and  crests  of  the  folds  the  strata  do  not  attain  tldcknesses 
equal  to  tliose  at  Slatington,  and  at  various  points  on  the  limbs  of  the 
open  folds  at  Pen  Argyl  they  are  still  decidedly  thinner  than  at  cor- 
responding places  on  the  equally  open  Slatington  folds.  It  seems  most 
probable,  therefore,  that  the  markedly  greater  thickness  of  beds  at 
Slatington  is  due  ehietly  to  the  accumulation  of  more  material  than 
at  Pen  Argyl  and  Bangor,  and  that  the  beds  thicken  westward. 

This  exceptional  thickness  of  individual  beds  in  the  Slatington  dis- 
trict makes  the  removal  of  such  conspicuously  ma.ssive  layers  feasible; 
the  rest  of  the  slate  is  left  in  the  hole,  or  (luarried  and  abandoned  as 
waste,  or,  most  commonly  in  well-conducted  operations,  reduces  the 
cost  of  quarrying  by  serving  for  structural  slate.  If  it  is  protitable 
to  follow  individual  beds,  mining  becomes  feasible,  and  hence  at  Slat- 
ington several  tunnels  and  at  least  one  shaft  are  developed,  whereas 
at  Bangor  and  Pen  Argyl  open  pits  alone  are  used. 

COLOR  AND  APPEARANCE 

The  “neutral  gray  k’’  of  the  modified  Ridgway  color  chart,’-  ])id> 
lished  by  the  National  Research  Council,  corresponds  most  iiearly  to 
the  dominant  color  of  the  Lehigh-Northampton  slates.  The  carbonace- 
ous “ribbons”  are  almost  black  and  the  siliceous  “ribbons”  have  a 
faintly  metallic  or  silvery  sheen,  which,  from  a distance,  gives  the 
slate  a somewhat  lighter  shade  than  the  average  but  does  not  change 
the  actual  color. 

“Soft”  and  “hard”  slate  do  not  materiallj’-  differ  in  color.  The 
width  of  the  banding  is  narrower  in  the  “hard”  slate,  so  much  so  that 
no  unbanded  slate  can  be  obtained ; as  the  banding  is  slightly  visible 
when  the  slate  is  used  on  the  roof;  a distinction  is  made  by  the  user 
between  the  “soft”  and  “hard”  roofing  slate. 

In  the  “soft”  slate  there  are  olive-green  layers, — one  at  Pen  Argyl 
(in  the  Albion  “run”)  and  one  at  Bangor  (in  the  Old  Bangor 
“run”)  ; there  are  also  beds  of  similar  color  at  Slatington,  wdiicli  may 
be  the  equivalent  of  one  or  both  the  Bangor-Pen  Argyl  greenish  beds. 
These  strata  are  spoken  of  as  “Gray”  beds,  the  name  being  due  to 
their  light  gray  color,  in  contrast  with  the  dominant  blue-gray  or 
“blue”  of  the  district.  On  the  modified  Ridgeway  color  chart,  the 
color  of  the  Gray  beds  is  essentially  “25'‘d.” 

The  red,  green,  and  yellow  shales  that  are  quarried  at  Albany, 
Greenawald,  and  Lenhartsville  vary  greatly  in  color.  A common  red 
is  a brick,  jasper,  or  catlinite  color,  lying  between  “l^’a”  and  “l’’o” 
on  the  one  hand  and  “7-o”  on  the  other;  another  is  near  “1®"^!”. 
The  greens  are  “olive-green,”  near  iBS^o  and  “35“d. ” Occasional 
beds  in  this  part  of  the  se(p;ence,  even  when  fresh,  have  a color  lying 
between  “salmon”  and  “yellow  ocher,” — about  “17dl”  or  “21dj.” 

A faint  rusting  after  the  lapse  of  several  years  and  a slight  ])aling 
are  the  only  noteworthy  changes  of  the  typical  slate,  whetlier  “hard” 
or  “soft”  in  the  Lehigh-Northampton  district.  The  Gray  beds  show 
no  appreciable  change. 

THE  PROBABLE  POST-MARTINSBURG  UNCONFORMITY 

It  has  already  been  pointed  out  (pages  149,  172)  that,  either  through 
post-Martinsburg,  pre-Tuscarora  erosion,  or  through  lack  of  sedimen- 

^ Golditian,  M.  I.,  and  Mer-n-in,  H.  E.,  Color  chart  for  flip  dpsoriidioii  of  sedimentary 
rocks:  National  Research  Council,  Division  of  Geology  and  Geography,  1928. 
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tatioii  ill  late  iMartinsburo'  time,  the  upper  meiiiber  of  the  IMartinslmrg 
formation  is  absent  from  Eekville  in  the  Ilamhiirg  cpiadraiigle  Avest- 
Avard.  Tlie  eoiicliisioii  seems  justified  that  this  absence  of  the  upper- 
most slate  member  is  attributable  to  a post-Martiiishiirg  erosion  in- 
ter auiI  ; but  AA'lietlier  it  be  accepted  or  not,  the  sigiiificaiice  of  the  ob- 
served fact  is  that  all  slate  cpiarryiiig  in  the  most  jironiising  part  of 
the  ]\Iartinsburg,  namely  the  uppermost  member,  is  definitely  excluded 
Avest  of  EekAdlle. 

EFFECT  OF  STRUCTURAL  FEATURES 

Effect  of  major  structural  features,  western  part  of  district.  There 
are  five  eoiis])icuous  structural  features  that  effect  the  development  of 
the  slate  in  the  western  part  of  Nortliamptoii  and  in  Lehigh  and  Berks 
counties.  They  are  the  Eekville,  iMosserville  and  Snyderville  folds 
and  the  Eekville  and  Schuylkill  Gap  faults.  These  structures  liaAT 
already  been  described  on  pages  159-160  and  162-164. 

The  series  of  pitching  synelines  and  anticlines  in  the  neighborhood 
of  Eekville  have  little  significance  in  the  development  of  the  “soft” 
(or  uppermost  i\Iartinshurg)  slate.  Because  of  the  unconformity  be- 
tAA’een  the  iMartinsburg  and  the  overlying  Tuscarora,  Avhieh  reduces  the 
thickness  of  the  upper  Martinshurg  soutiiAvard  and  AvestAA’ard,  the  ef- 
fect of  the  folding'  is  to  carry  the  “soft”  slate  outcrops  higher  up  the 
slo]m  of  Blue  Mountain  from  Eekville  (Hamburg  (piadrangle)  Avest- 
Avard,  and  simultaneously  to  narrow  the  outcrop.  Under  these  con- 
ditions, talus  from  the  Tuscarora  completely  covers  AA'hat  little  of  the 
“soft”  slate  might  otherAvise  outcroj).  Hence,  through  a combination 
of  these  various  unfavorable  factors,  the  “soft”  slate  cannot  feasibly 
be  quarried  south  and  Avest  of  Eekville. 

The  AA’e.stward  pitching  anticline  at  Mosserville  (Hamburg  quad- 
rangle) and  the  several  minor  drag  folds  on  the  south  side  of  the  cor- 
responding syueliue  half  a mile  soutli  of  that  little  tOAAUi,  merely  com- 
plicate the  outcrop  of  the  “soft”  slate  by  re])eating  the  appearance  of 
the  upper  member  of  the  Martinsburg  formation  on  both  sides  of  the 
middle  Martinsburg  anticliue.  This  repetition  accounts  for  the  slate 
quarries  south  of  Mosserville,  the  band  of  sandy  rock  (middle  Martins- 
burg) north  of  that  toAvii,  and  the  rea])pearanee  of  Avorkable  “soft” 
slate  in  an  old  quarry  about  one  mile  north  of  Mosserville.  The  AA'est- 
AA’ard  pitch  of  the  iMosserville  anticliue  carries  the  sandy  member 
underground  a mile  north  of  Lynnport,  so  that  “.soft”  slate  quarries, 
noAV  abandoned,  haA'e  been  ojAened  from  LynnjAort  nortliAA^estAvard 
almost  all  the  Avay  to  Blue  Mountain. 

The  Snydersville  syueliue  in  the  Slatington  quadrangle  has  alreadj' 
been  described.  Its  economic  importance  consists  in  the  fact  that  it 
preserves  a doAvufolded  remnant  of  “hard”  slate  of  the  lower  Martins- 
burg in  an  area  otberwi.se  uuderlaiii  solely  by  pre-Martinsburg  lime- 
stone. This  fact  made  po.ssible  the  operation  of  the  long  abandoned 
“hard”  slate  quarry  a cpiarter  of  a mile  southeast  of  Stetlersville. 
FolloAved  soutliAA'estAvard  the  contact  betAveeu  the  loAA?est  iMartinsburg 
and  tbe  subjacent  limestones  gives  eAudence  of  several  similar  .synclinal 
areas  of  IMartinsburg  “hard”  slate,  but  so  far  as  knoAvn  none  of  these 
structures  has  actually  been  Avorked  for  slate. 

The  Eekville  fault  has  the  effect  of  AA’ideuing  the  outcrop  of  the 
upper  part  of  the  middle,  sandy  iMartinsburg.  Its  economic  signifi- 
cance is  negligible. 
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Tlie  (“Schuylkill  Gap’’)  fault  which  shows  iiuiiiediatcly  south  of 
Schuylkill  Gaic  Pottsville  quadi'angle,  bidiigs  sandy  middle  IMartius- 
hurg-  against  Tuscarora  quai-tzite.  It  therefore  heli)s  cut  out  the  up- 
])er,  “soft”  slate  member  of  the  iMartiusl)urg.  Its  most  important 
economic  effect  is  to  offset  (in  a way  not  yet  fnlly  understood  in  three 
dimensions)  some  of  the  layers  of  colored  shale  or  “slate”  that  are 
fpiarried  for  pigment  in  the  neighborhood  of  Greenawahl  and  Albany. 
The  lesser  faulting  shown  along  the  east  side  of  Glue  IMountaiu  be- 
tween this  fault  and  tlie  Eckville  fault  produces  similar  but  even  less 
noteworthy  effects.  Economically  considered,  therefore,  these  several 
faults  are  not  of  great  imi)ortance. 

Effect  of  major  structural  features,  eastern  part  of  (Ustrief.  From 
Slatefield  eastward  the  larger  structui'e  is  a moderately  regular  mono- 
cline dipping  northwestward.  There  are  no  great  departures  from  this 
general  structure  of  the  “soft”  slate  until  at  East  Gangor  the  strike 
turns  sharply  so  as  to  trend  due  northwe.st  at  the  Consolidated  No. 
2 quariy.  This  is  jirohably  a part  of  the  same  general  fold  that  yields 
a pitching  syncline  in  Silurian  rocks  at  the  Gig  Offset.  It  has  the 
effect  of  shifting  the  workable  beds  associate*!  with  the  Gray  bed  at 
Gangor  farther  north  than  would  be  expected  from  the  .strike  of  the 
strata  at  Gangor. 

At  Portland  on  Delaware  Giver  an  anticline  bounded  by  two  faults 
that  are  ])robably  separate,  hrings  older  limestone  to  the  surface  be- 
tween two  belts  of  “hard”  slate.  Westward  these  faults  have  no 
economic  significance,  biit  near  Delaware  Giver  they  are  instrumental 
in  repeating  the  “hard”  slate,  so  that  it  can  be  quarried  in  the  hills 
miles  north  of  Portland,  as  well  as  south  of  I’ortlaud  at  IMount 
Gethel. 

Details  of  structure  have  affected  (piarrying  considerably  in  various 
localities.  Minor  faults  striking  generally  at  right  angles  to  the  strike 
of  the  beds  have  already  been  described  (see  page  164).  They  dis- 
place the  beds  in  unexpected  fashion  and  have  contrilmted  materially 
to  the  difficulties  of  (piarryiug.  notably  at  Pen  Argyl.  The  very  tlat 
Gangor  syncline  opened  in  the  North  Gangor,  Gangor  Eidon,  and  Old 
Gangor  quarries  has  made  it  possible  after  ])assing  through  a bed,  to 
quarry  the  same  stratum  at  greater  depth  ; this  is  perha]>s  the  most 
striking  structural  feature  exposed  in  the  (piarries  of  the  Lehigh- 
Northampton  district. 

On  the  whole,  there  are  fewer  large  structural  features  that  com- 
plicate quarry  development  in  the  eastern  than  in  the  we, stern  part  of 
the  Lehigh-Northam])ton  district. 

Cleavage.  Attention  has  already  been  directed  to  the  change  in  di|) 
of  cleavage  from  gentle  angles  in  the  eastern  ])art  of  the  district  to 
stee])  ones  in  the  we.stern  part  (see  ])age  170). 

The  effect  of  this  change  is  seriously  to  influence  the  mode  of  work- 
ing the  quarries.  At  Pen  Argyl  and  Gangor  quarrying  is  carried 
downward  in  a series  of  steps,  a “key  block’’  beiiig  taken  out  aud  the 
“feathers”  or  wedges  being  put  in  from  the  sides  aftei-  the  key  block 
has  been  removed.  Glocks  ai'e  thus  lifted  vertically  fi'om  the  quarry 
bottom,  which  is  essentially  horizontal.  At  Slatington,  on  the  other 
hand,  the  “feathers”  must  be  driven  at  angles  of  5()°-6()°  to  the  hori- 
zontal, and  difficulty  is  experienced  in  providing  a relatively  flat  sur- 
face on  which  the  workmen  can  stand.  A comparison  is  given  in  the 
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teclmical  studies  l)y  Bowlesd  Further,  the  steep  dip  of  the  cleavage 
at  Slatiiig'toii  favors  the  use  of  the  hroaching  bar  in  cpiarrying,  as 
against  the  vire  saw  or  chauneller,  wliieh  are  preferred  at  Pen  Argyl 
and  Bangor-  (see  also  page  30). 

In  a few  places  the  cleavage  shows  gentle  curvature  so  that  a block 
of  cpiarried  slate  is  not  absolutely  flat.  Tliis  does  not  interfere  with 
the  use  of  the  slate  tor  most  purposes,  however,  as  the  curve  is  gen- 
erally so  slight  as  not  to  he  noticeable  in  short  lengths ; it  is  only  de- 
leterious in  the  manufacture  of  blackboards  and  then  only  rarely. 

Joiniing.  AYliat  has  already  been  said  as  to  the  relations  between 
joints  and  successful  quarrying  (see  page  45)  applies  no  less  in  the 
Leliigh-Northampton  district  tlian  elsewhere.  In  addition  the  marked 
handing  in  the  slate  of  this  region — especially  in  the  “soft”  slate, 
where  sucli  handing  in  quarried  blocks  is  to  he  avoided  as  much  as  pos- 
silile  in  making  roofing  slate,  blackboards,  and  switchboards — makes 
tlie  angular  relations  between  bedding  strike  and  jointing  of  great  im- 
portance (see  page  49). 

Both  in  the  eastern  and  western  parts  of  the  district  the  joints  are 
roughly  ]mrallel  to  the  strike  of  the  beds  (see  Plate  42,  B,B’^,C,C’^) . 
Tu  detail  there  are  marked  exceptions  in  some  quarries,  however.  In 
two  cases  lesser  pitching  sjmclines,  with  axes  inclined  to  the  regional 
strike,  are  correlated  with  radiating  joint  systems  that  are  ruinous  to 
quarry  oi)erations  (see  Figure  17,  page  44). 

False  Cleavage.  Places  where  this  feature  was  especially  noted  are 
in  the  quarries  at  Danielsville,  Bassards  Corners,  Berlinsville,  and 
Apps  (Mauch  Chnnk  quadrangle)  ; at  some  of  the  quarries  near  the 
National  School  Slate  Company’s  factory  in  Slatington  and  north  and 
northwest  of  that  town ; at  several  of  the  quarries  near  Little  Run 
Junction  and  Custer  (Slatington  quadrangle).  In  all  of  these  places, 
however,  the  false  cleavage  appears  to  be  limited  to  certain  beds  and 
is  not  ]n’ohibitive  of  quarrying  as  a whole. 

DETAILED  QUARRY  DESCRIPTIONS 
PLAN  OF  PRESENTATION 

The  slate  deposits  of  the  Lehigh-Northampton  district  are  spread 
over  so  wide  an  area,  that  it  has  not  been  practical,  even  on  the  base 
maps  used,  which  have  a scale  of  1 :62500,  to  combine  all  of  the  quar- 
ries on  one  sheet.  For  convenience,  therefore,  both  in  the  mere  matter 
of  handling  the  map  and  also  because  the  geology  of  the  two  halves 
differs  somewhat,  the  Lehigh-Northam])ton  district  is  here  subdivided 
into  two  parts — an  eastern  and  a western,  the  line  between  the  two  be- 
ing along  the  meridian  of  75°30'00"  west  longitude.  The  eastern  part 
thus  lies  in  the  Delaware  Watergap,  AVind  Gap,  and  Allentown  quad- 
rangles and  wholly  in  Northam])ton  County.  The  western  ]mrt  lies  in 
the  Alauch  Chunk,  Slatington  and  Hamburg  quadrangles  and  com- 
prises parts  of  Northam])ton,  Lehigh,  and  Berks  counties.  Certain 
general  differences,  especially  in  the  details  of  the  stratigraphy,  be- 

ISowles,  Oliver,  The  teelniology  of  slate:  U.  S.  liur.  Mines,  Bull.  218,  pp.  45  and  4C,  1922. 

2 Focht,  Doster  (Uiscussion)  and  Behre,  O.  H.,  Jr.,  Geologic  factors  in  the  development 
of  the  eastern  Pennsylvania  slate  licit:  Am.  Inst.  Min  Met.  Eng.  Trans.,  vol.  76,  pp. 
406,  410-412,  1928. 
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tween  these  two  divisions  have  been  discussed  under  “General  Geol- 
ogv”  (see  pag'cs  157-160,  170)  and  “Economic  Geoiogv'’  ( especiallv 
pages  186-100,  194-195). 

Two  small-scale  maps  (scale  1:62500)  have  been  prepared,  to  cor- 
respond to  the  two  divisions  mentioned.  On  these  maps  the  quarr.y 
regions  fall  somewhat  naturally  into  smaller  divisions  separated  by 
areas  Avithont  quarries.  These  smaller  divisions  or  “groups'’  have 
been  arbitrarily  designated  with  names  from  a town  or  village  cen- 
trally located  Avith  respect  to  the  quarry  group.  Since  the  products  of 
“hard”  and  “soft”  slates  differ  appreciably,  the  groups  are  so  ar- 
ranged that  no  single  one  includes  both  “hard’'  and  “soft”  slate 
qiiarries. 

For  ease  in  finding,  the  quarries  in  each  group  are  numbered  con- 
secutively, the  numbers  generally  running  from  Avest  to  east.  Cor- 
responding numbers  are  entered  on  the  small-scale  maps  and  also  in 
the  text  at  the  head  of  each  quarry  description.  To  facilitate  finding 
on  the  maps  or  in  the  field,  the  quarry  names  most  commonly  applied 
to  them  are  irsed  throughout  the  text,  and  are  also  entered,  Avith  the 
corresponding  numbers,  on  the  backs  of  tbe  small-scale  maps.  In  a 
few  cases  alternate  names  are  also  gh'en  in  parentheses.  In  many  in- 
stances no  name  could  be  found  and  for  such  quarries  the  number 
alone  is  used. 

Special  large-scale  geologic  maps  of  the  Pen  Argyl-Bangor  and  Slat- 
ington  regions  are  also  introduced  to  shoAV  details  for  Avhieh  the  smaller 
scale  maps  are  inadequate.  On  these  the  quarries  are  not  named  or 
numbered,  but  they  can  be  identified  by  comparison  Avith  the  larger 
maps. 

The  plan  folloAved  is  to  describe  in  a general  fashion  the  geologic 
conditions  prevailing  in  the  region  of  a given  quarry  group.  This  is 
folloAved  by  a description  of  each  opening,  AAdiich  includes  a brief  state- 
ment as  to  location,  a mention  of  the  approximate  size  of  the  quarry, 
an  account  of  the  structure,  the  beds  Avorked,  and  any  special  geologic 
features  having  an  economic  bearing,  and  finally  a very  brief  state- 
ment as  to  the  quarry  history  and  type  of  products  obtained. 


quarries  IX  EASTERN  PART  OF  DISTRICT' 

SZiATEFORD  GROUP. 

The  quarries  of  this  group  are  all  Avithin  a mile  of  Glateford  and 
would,  AA'hen  operating,  obtain  their  supplies  and  ship  their  products 
from  Slateford.  They  are  openings  Avholly  in  the  soft  belt,  that  is,  the 
slate  is  soft  to  the  chisel,  has  Avell  deA’eloped  cleavage,  and  is  distin- 
guished by  the  greater  distance  which  separates  the  “ribbons,’’  or.  to 
put  it  another  Avay,  by  the  Avidth  of  the  individual  beds. 

The  sequence  of  the  subdivisions  of  the  Martinsburg,  in  this  group, 
is,  in  the  order  of  superposition,  the  oldest  beds  beloAv : 

Pen  Argyl  beds 
Bangor  beds 
IMiddle,  sandy  member 
Lower,  hard  slate  member 

The  northern  edge  of  the  middle,  sandstone  member  of  tbe  Martins- 
burg  formation  ajipears  in  the  bottom  of  Slateford  Creek,  east  of  AVil- 

^The  descriptions  of  these  quarries  are  from  Bulletin  AI-9,  the  only  noteworthy 
Changes  being  due  to  recent  developments. 
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liaiiis  (luarry  and  on  the  liillside  to  the  south,  a few  liundred  feet  east 
of  the  Fiwe  (|narry.  It  is  cdear,  therefore,  that  the  Frye  qnarry  is  in 
the  Grand  Central  “run,”  and  it  is  highly  ])robable  that  the  AVilliams 
and  Snowdon  quarries  are  higlier  in  tlie  Bangor  beds.  Quarry  Num- 
ber 1 in  tliis  gi'oni)  and  the  Wasliington  Brown  quarry  are  more  prob- 
ably in  the  Pen  Argyl  beds,  as  it  would  seem  that  a consideral)le  thick- 
ness of  slate  lies  between  these  and  the  holes  first  mentioned;  further, 
where  the  old  road  from  the  Snowdon  quarry  crosses  the  west  branch 
of  Slatel'ord  Creek  three-tenths  of  a mile  west  of  Williams  quarry, 
heavy  sandy  beds  show  in  the  creek  bottom,  strongly  suggesting  the 
sandy  layers  at  the  top  of  the  Bangor  beds. 

In  the  quarries  of  this  grouji,  the  dip  of  the  beds  is  generally  gentle; 
the  cleavage  has  a fairly  uniform  strike,  Avhieh  is  generally  northeast, 
hut  in  places  in  the  northern  o]ienings  the  cleavage  planes  dip  north. 
The  grain  is  uniformly  northwesterly  in  trend.  Jointing  Avas  not 
studied  Avith  care  here.  Faulting  is  conspicuous,  having  been  described 
in  both  the  hlnoAvdon  and  AVilliams  quarries. 

The  ])i‘oducts  included  roofing  slate,  blackboards,  electrical  slate,  and 
sanitary  and  structural  materials.  All  of  the  (juarries  here  are  aban- 
doned. 

1.  This  is  a small  opening  showing  20  feet  of  slate  above  the  Avater 
level.  The  beds  strike  N.-I5°E.  and  di])  from  22°  to  37°N.,  flattening 
nortliAvard.  The  cleavage  strikes  N.45°E.  and  dips  10-25°N.,  also  flat- 
tening nortliAvard.  The  beds  are  from  tAvo  to  six  inches  thick.  A feAV 
fractures  were  observed  dip])ing  two  or  three  degrees  more  steeply 
tlian  the  cleavage  and  in  the  same  direction.  The  quarry  has  long  been 
abandoned  and  is  noAV  fvdl  of  Avater. 

2.  Washington  Brown  Quarry.  This  is  an  old  quarry  50  by  125 
feet  in  plan  and  probably  100  feet  deei).  The  beds  strike  N.42°E., 
dip])ing  21°NW.  Tlie  slate  appears  to  be  of  fair  quality,  not  heavily 
ribboned,  but  there  are  some  sandy  beds.  The  material  on  the  dump 
shoAvs  considerable  rnsting,  bnt  an  absence  of  heavy  jointing  and  little 
indication  of  (|uartz  or  calcite  stringers.  The  cleavage  strikes  N.25°AV. 
and  dips  18°8AV.  This  is  probably  the  quarry  said  by  Sanders’^  to 
have  just  been  opened  in  1874. 

3.  WiUiaws  (Qiarry.  This  quany  is  in  the  valley  of  Slateford 
Creek  about  half  a mile  from  its  mouth.  It  is  an  amphitheater  150 
feet  square  and  40  feet  deep,  Avhose  sides  are  formed  by  the  valley 
Avails. 

At  the  sonth  end  of  the  cut  the  bedding  strikes  N.50°E.,  dips  20 
XAV. ; in  the  north  end  it  strikes  N.50°AV.  and  dips  20°SAA^.  The  cleav- 
age has  a strike  of  N.60°  E.,  and  dips  20-25°S.  It  appears,  therefore, 
that  both  ends  of  the  cnt  are  on  the  under  limb  of  a fold  the  axial  plane 
of  Avhieh  dips  gently  sontliAvard;  at  the  southern  end  of  the  opening  the 
dip  is  nortli,  as  this  hypothesis  Avould  require,  while  at  the  northern 
end,  preiiaring  for  a rise  over  the  axial  ])lane  of  the  complementary  fold 
below,  a soutliAvard  dip  appeal's. 

A set  of  small,  I'ather  incons])icnous,  calcite-filled  joints  strikes 
N.70°E.  and  dij)s  3()°SE.,  just  under  a calcite-filled  fault,  Avhich  ap- 
]iears  on  the  south  Avail  of  the  (juarry  near  the  creek  level,  striking 
N.20°E.  and  dii)])ing  16°NAAh 

^ Sanrter.s,  R.  H.,  Geology  of  Leliigli  and  Northampton  Counties:  Pa.  Second  Geol. 
Survey,  D3,  vol.  I,  p.  80,  1883. 
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•i.  Snoicdon  Quarrij.  Tlii.s  quaiTv  is  3.")0  l)y  200  feet  and  sliows  OO 
feet  of  slate  above  water  level. 

At  tlie  soutlieastern  edge,  tlie  beds  appear  to  dij)  gently  toward  the 
sonth,  probably  not  over  15°  ; at  the  northwestern  side  they  seem  to 
steepen  so  as  to  dip  as  inneh  a.s  60°,  but  as  tlie  sides  were  not  accessible 
and  the  bedding  indistinct  these  observations  are  ])oor.  They  lit,  how- 
ever, with  the  conception  developed  for  Williams  ipiarry  (see  above), 
for  the  beds  here  would  then  be  the  upper  limb  of  a fold  comidementary 
to  and  above  that  whose  lower  limb  is  .seen  in  Williams  quarry.  The 
strike  of  the  bedding  is  parallel  to  that  of  the  cleavage.  The  cleavage  is 
very  nnifornily  X.45°E  and  dips  28°SW.  The  slate,  tbongh  rather 
heavily  ribboned,  is  soft  and  apparently  easily  sawed.  It  bears  some 
calcite  and  (luartz  on  its  .joint  faces  and  a little  jiyrite  occurs  with  the 
calcite.  Small-scale  faulting  was  observed  in  some  of  the  blocks  on  the 
dnmp.  (See  Figure  57.) 


Fig.  57.  Sketcli  of  small  fault;  entire  fault  trace  is  Iti  inelies  long. 

From  (Ininp  of  Snowdon  quarr.v. 

This  quarry  is  said  to  have  been  opened  in  1870.  Operations  were  dis- 
continued about  1920.  The  quarry  jiroperty  still  bears  a tnill,  with 
remnants  of  equipment. 

5.  Frjje  Qiiarr]i.  This  opening  is  an  elongated  cut  210  by  85  feet  in 
size  and  20  feet  dee]n  The  beds,  generally  indistinct,  aiijieai-  to  strike 
X.32°E.  and  are  virtually  horizontal.  The  cleavage  has  a strike  like 
that  of  the  beds,  but  dips  35°SE.  The  opening  is  in  about  the  same 
])osition  structurally  as  the  Snowdon  (juarry  beds,  i.  e.,  on  the  np]mr 
limb  of  an  anticline  so  far  overturned  to  the  north  as  to  give  it  a nearly 
flat  axial  plane  dipping  gently  sonth. 

This  quarry  was  worked  before  about  1875  and  Sanders'  found  it 
abandoned. 

BANGOR  GROUP. 

The  Bangor  group  quarries  arei  mostly  close  to  the  town  of  Bangor. 
All  of  them  secure  the  major  part  of  their  snjiplies  from  Bangor;  it  is 
their  shi]iping  point,  and  the  men  employed  are  mainly  residents  of 
Bangor  and  East  Bangor.  The  X"ew  York  (piarry,  which  is  the  farthest 
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out,  lies  about  tliree  miles  by  road  from  the  city.  Most  of  the  openings 
are  on  either  side  of  the  State  lughway  connecting  Bangor  and  East 
Bangor. 

The  ([uarries  of  the  Bangor  group  are,  like  those  at  Slateford,  in  the 
soft  belt.  The  sequence  of  the  minor  divisions  of  the  Martinsburg 
formation  has  been  presented  on  a preceding  page  (p.  191).  The  big 
beds  mentioned  in  that  description  may  be  identitied  in  the  (piarries  of 
the  Bangor  group  and  were  first  named  in  them.  At  Johnsonville,  4^2 
miles  northeast  of  Bangor  (see  Plate  24),  there  is  a narroAv  strip  of 
the  hard  slate,  followed  to  the  north  by  a section  almost  a mile  wide 
underlain  by  the  middle,  sandy  member  of  the  i\lartinsburg  formation. 
North  of  the  sandy  member  is  soft  slate,  succeeded  by  a belt  of  rock 
more  sandy  than  the  normal  soft  slates.  This  sandy  belt  marks  the 
northern  limit  of  the  Bangor  beds.  It  is  traced  westAvard  tOAvard  Ban- 
gor Avith  difficulty,  so  that  the  northern  edge  of  the  Bangor  beds  is  not 
generally  identitiable  in  the  field  and  a doubt  consequently  exists  as  to 
the  location  of  the  line  betAveen  the  Bangor  and  Pen  Argyl  beds.  tSoutli 
of  and  stratigraphieally  lower  than  the  sandy  slate  near  the  top  of  the 
Bangor  beds,  however,  are  almost  all  the  quarries  of  the  Bangor  group. 
The  exceptions  are  the  NeAV  York,  Hoboken,  and  Northampton  quar- 
ries, Avliich  appear  to  be  too  far  north  of  the  loAver  part  of  the  Bangor 
beds  to  be  included  in  that  member  of  the  Martinsburg  formation.  Al- 
though absolute  correlation  is  lacking  for  these  three  quarries,  it  appears 
probable  that  they  occupy  a stratigra])hic  position  someAvhere  immedi- 
ately aboAT  or  beloAv  the  Albion  “run”  in  the  Pen  Argyl  beds. 

The  ({uarries  of  the  Bangor  group  lie  on  folds  of  Avhich  the  limbs  are 
generally  closely  opposed  and  the  axial  planes  almost  horizontal.  Con- 
sequently it  is  not  rarely  the  case  that  an  opening,  beginning  at  the  sur- 
face in  beds  dipping  soutliAvard  at  Ioav  angles  Avill,  as  greater  depth  is 
acquired,  traverse  the  same  beds  but  in  the  inverse  order  and  dipping 
north.  The  change  in  the  angle  of  dip  Avill  thus  rapidly  alter  the  width 
of  outcrop  of  the  beds.  To  this  may  be  added,  as  another  factor  in  the 
production  of  iri-egularity  in  Avidth  of  outcrop,  the  topographic  effect; 
for  the  relief,  or  difference  in  altitude  betAveen  the  hills  and  valleys, 
is  tar  greater  at  Bangor  than  elseAvhere  in  the  immediate  region  and  its 
effect  in  shifting  the  outcrop  of  the  Bangor  beds,  dipiiing  at  gentle 
angles,  is  marked.  These  features  combine  to  necessitate  the  greatest 
caution  in  foretelling  Avliat  beds  Avill  be  met  Avith  in  a neAV  quarry 
opened  in  the  Bangor  region. 

The  Bangor  group  of  quarries  exposes  seATral  folds.  One  of  these  is 
the  Old  Bangor  syncline.  Both  limbs  of  ths  structure  appear  in  the  Old 
Bangor,  Bangor  Union,  North  Bangor,  and  North  Bangor  No.  3 quar- 
ries. The  lower  limb  alone  appears  in  the  other  quarries  at  Bangor  and 
East  Bangor.  The  Columbia  Bangor  quarry  sIioavs,  in  addition  a small 
.syncline  immediately  beloAV  this  loAver  limb,  developed  apparently  as  a 
drag  fold,  so  that  the  loAver  limb  of  the  Old  Bangor  syncline,  as  seen  in 
the  NeAV  Bangor  quarry,  is  Aurtually  continuous  Avith  that  in  the  Bangor 
Central  opening. 

Another  .small  syncline,  bnt  in  this  ease  Avitli  the  limbs  especially 
closely  opposed,  is  to  be  seen  in  the  NeAv  Peerless  (Bangor  Vein) 
quarry. 

These  folds  appear  to  lie  parts  of  a large  structure,  a syncline  AAhose 
axis  lies  Avell  north  of  the  tOAvn  of  Bangor.  The  syneline  thus  defined 
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lias  a -westward  pitch,  the  axis  emerging'  at  the  Shinier,  Consolidated 
No.  3,  and  Mountain  View  quarries.  This  fold  may,  in  turn,  be  only  a 
larger  drag  fold  on  a still  larger  synclinal  unit,  but  evidence  for  such 
an  interpretation  is  lacking  as  the  beds  are  covered  northward  by 
younger  formations. 

Very  probably  the  beds  in  the  Hoboken  and  Ne-w  York  quarries  are 
similarly  ]iarts  of  a syncline,  the  axis  of  which  is  emerging,  as  the 
strikes  are  almost  due  north  and  the  dijis  gentle  and  westward. 

The  dip  of  the  beds  in  the  quarries  of  the  Bangor  group  is  gentle  and 
the  structures  either  strike  northeast  (more  commonly)  or  northward 
(if  the  opening  lies  close  to  an  emerging  axis).  The  cleavage  planes 
generally  strike  northeast,  roughly  paralleling  the  bedding  planes,  but 
where  axes  emerge  the  strikes  of  cleavage  and  bedding  intersect.  The 
grain  is  uniformly  northwesterly  in  trend. 

Jointing  was  studied  in  detail  in  this  group  of  quarries.  In  a few 
quarries  the  joints  radiate  so  as  to  fall  in  all  points  of  the  compass  and 
generalizations  in  these  instances  become  impossible ; such  quarries  are 
alwaj^s  located  on  the  ends  of  pitching  troughs  or  on  minor  folds  whose 
axes  lie  transverse  to  the  strikes  of  the  larger  structural  features.  In 
most  gther  cases  generalizations  in  regard  to  joint  strikes  are  difficult 
to  frame.  Two  types  of  joint  patterns  may  be  recognized.  In  one  the 
strikes  of  the  greater  number  of  joints  form  small  angles  on  either  side 
of  the  bedding  strike ; since  the  l)eds  generally  strike  northeast,  the 
joint  strikes  form  obtuse  angles  toward  the  southeast;  this  pattern  is 
well  illustrated  in  the  Columbia  Bangor,  New  Bangor,  and  North  Ban- 
gor quarries.  The  second  type  is  exemplified  by  the  Bangor  Union  and 
Northampton  quarries.  In  these  cases,  the  intersections  of  the  joints 
form  acute  angles  toward  the  southeast.  Intermediate  are  such  patterns 
as  those  of  the  Bangor  Central  and  North  Bangor  No.  3 quarries.  In 
general  it  seems  that  the  strikes  of  joints  nearly  parallel  the  bedding 
strike  or  are  almost  if  not  quite  at  right  angles  to  it.  This  general 
correlation  suggests  that  the  joints  owe  their  origin  to  the  same  thrusts 
to  which  the  folds  are  attributable.  However,  the  occasional  turning  of 
cleavage  at  joints,  their  calcite  or  quartz  filling,  and  the  relations  of 
some  joint  systems  to  bedding-slip  faults  that  are  clearly  later  than  the 
folding  of  the  slate, — these  and  other  considerations  compel  recognition 
of  the  tact  that  jointing  is  generally  of  later  date  than  the  folding  of  the 
slate.  The  apparent  relation  between  the  joint  patterns  and  the  folding 
is  perhaps  best  explained  by  the  similarity  in  the  direction  of  the  two 
separate  thrusts  which  produced  the  folds  at  one  time  and  the  joints 
later. 

The  products  of  the  quarries  of  the  Bangor  group  are  varied.  They 
include  roofing  slate,  structural  slate,  blackboards,  electrical  slate,  slate 
for  “marbleizing”,  school  slate,  and  crushed  and  pulverized  slate. 
The  outstanding  ])roduct  of  the  quarries  of  the  Bangor  group  is  roofing 
slate.  Structural  slate  is  of  some  importance,  and  electrical  slate  and 
blackboards  less  so,  but  most  of  the  trade  of  all  quarries  excepting  the 
New  York  and  Northampton  is  in  roofing  slate. 

In  1927  the  number  of  operating  quarries  was  twelve.  This  district 
vies  with  that  surrounding  the  town  of  Pen  Argyl  for  positioii  as  the 
leading  slate  region  in  Northampton  County. 

1.  New  YorJi-  (Quarry.  This  quarry  is  tliree-tenths  of  a mile  north- 
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west  of  North  Bangor  station  on  the  Lehigh  & New,  Englainl  Railroad. 
It  is  a moderate-sized  oiiening  190  feet  deep. 

Here  the  beds  dij)  northwest,  00°  at  tlie  south  end,  22°  towai'd  tlie 
north.  A remarkable  feature  is  tlie  nnnsnal  strike  of  the  beds,  whieh 
bears  almost  dne  north.  Tliis  feature  corresponds  to  a more  northerly 
strike  also  at  the  Hoboken  ipiarry.  Taken  by  and  large  this  suggests 
that  the  New  York  cp^arry  is  ojiened  along  the  axis  of  a westward 
plunging  fold.  If  the  Bangor  ^"ein  quarry  is  in  beds  of  the  Noi'th  Ban- 
gor No.  8 “run'’,  it  seems  quite  jiroliable  that  the  lieds  of  the  New  York 
quarry  are  somewhere  aliove  the  Albion  “run’’  of  the  Pen  Argyl  beds. 
However,  confirmation  is  lacking. 

On  the  working  level  the  cleavage  strikes  generally  N.tJ()-7()°  E.,  and 
dips  28-24°8.  The  grain  strikes  N.48°W.  The  quarry  has  one  very 
regular  system  of  joints  which  strike  N.20-8r)°E.  and  dip  from  (i()°  to 
90°N.  Small  joints,  apparently  associated  with  slijqiage  (see  lielow) 
are  seen  in  the  east  corner  and  strike  generally  due  east,  with  south- 
ward dip.  A single  very  prominent  N.86°Iv  joint  carries  on  from  the 
working  level  all  the  way  to  the  surface,  dipiiing  45°S. 

Near  the  middle  of  the  quarry  two  calcareous  beds,  about  4 feet  apart 
in  actual  thickness,  show  heavy  mullioning  on  the  face  of  each ; the 
strike  trends  N.4()°'\Y.  The  heavy  “rolls”  develojied  by  the  movement 
have  their  steeper  sides  toward  the  north;  hence  it  is  clear  that  the'top 
beds  have  moved  uj),  the  lower  beds  down,  along  this  bedding  |)lane, 
which  has  served  as  a plane  of  movement.  The  lower  calcareous  bed  is 
cut  by  the  southwest  (luarry  wall,  and  clearly  shows  .slice-like  fractur- 
ing; each  section  or  slice  has,  at  its  south  end,  been  pushed  up  over  its 
neighboring  slice  to  the  south.  Nevertheless,  the  slate  beds  imimuliately 
above  and  below  show  no  distortion  except  for  a slight  stee])ening  in  the 
angle  at  which  the  cleavage  intersects  them.  This  suggests  that  there 
has  been  relatively  little  movement  since  the  cleavage  was  formed. 
However,  just  above  the  upper  calcareous  betl  are  stringers  of  <p;artz 
and  calcite  dipping  oliliquely  southwest ; these  show  that  some  move- 
ment has  taken  ])lace  either  during  or  subsequent  to  the  development 
of  cleavage,  a movement  not  taken  up  in  the  growth  of  the  serieith 
Hakes  and  therefore  occurring  not  earlier  than  the  later  stages  of  seri- 
citization;  the  fact  that  most  of  the  joints  stoj)  at  one  or  the  other  of 
the  calcareous  beds  mentioned,  su])ports  the  same  conclusion.  In  short, 
it  is  evident  that  there  have  been  two  periods  of  movement,  one  in  which 
the  calcareous  beds  were  folded  and  fractured  and  the  clayey  material 
(whieh  today  is  slate)  simply  Howed  around  them;  the  second  in  which 
the  clayey  material,  having  been  coiiverted  into  ludttle  mica,  was  pulled 
apart  by  later  stre.sses  and  develojied  joints  and  (piartz-calcite-HIled 
fractures. 

These  two  calcareous  beds  are  good  exani])les  of  the  “loose  ribbons” 
so  often  met  with  in  the  soft  belt  (juarries. 

Only  one  big  bed,  which  is  about  (i  feet  long  along  the  cleavage  was 
seen;  this  has  at  the  south  a “hard  roll”  which  measures  18  inches 
along  the  cleavage. 

It  is  thought  that  the  movement  along  the  calcai'cous  beds  mentioned 
above  served  to  relieve  the  strain,  and  that  jointing  should  l)e  relatively 
negligible  below  the  lower  of  the  two  beds.  This  should  enhance  the 
value  of  the  <iuarry. 
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This  quarry  was  opened  about  1885  by  Solomon  Flory.  Operations 
were  stopped  in  1909  but  in  1911  tlie  property  was  purchased  by  Thos. 
Bolg'er  of  Bangor  and  subsequently  reopened. 

A well  furnished  mill  is  operating  on  the  property.  All  types  of  slate 
products  have  been  made  here  in  the  iiast,  but  in  1927  the  yield  Avas 
chietly  millstoek. 

2.  Ilobohen  Quarry.  The  Hoboken  quarry  is  about  tAAm  miles  north 
of  Bangor,  Avithin  900  feet  of  the  Lehigh  & Noaa'  England  Railroad. 
The  oi)ening  measures  about  125  feet  square. 

The  slate  has  an  overburden  of  six  feet  of  glacial  boulders  and 
rounded  graATl.  In  the  northeast  corner  the  beds  strike  N.25°E.  and 
dip  17°XW. ; in  the  southeast  corner  the  strike  SAAungs  more  easterly, 
being  here  X.35°E.,  AA’ith  a dip  of  20°NW.  Thus  the  beds  are  on  the 
under  limb  of  a syneline  overturned  to  the  north.  In  AAdiat  part  of  the 
Pen  Argyl  beds  they  lie  is  uncertain  ; it  seems  jirobable  that  they  are 
slightly  higher  than  the  strata  quarried  at  the  NeAA’  York  quarry.  One 
large  bed  sIioaa's  on  the  east  side  of  the  (juarry,  about  3%  feet  thick. 
The  cleavage  strikes  generally  N.65°E.  and  dips  40°SE.  Grain  trends 
and  is  constantly  vertical.  Only  one  conspicuous  .joint  Avas 
seen  ; this  strikes  N.10°AY.,  and  dips  70°NE. 

This  ])it  has  evidently  not  been  operated  in  recent  years.  A long- 
unused  mill,  api)arentl.y  once  fairly  aatH  equipped  AA’ith  planers,  saAA’s, 
and  one  rubbing  bed,  stands  south  of  the  quarry. 

3.  SfruuJi'  Quarry.  This  and  the  NeAv  Peerless  quarry  are  on  oppo- 
site sides  of  the  road  leading  to  the  mill  of  the  NeA\'  Peerless  (Bangor 
A'ein)  (piarry.  They  are  about  150  feet  apart  and  1.3  miles  due  north 
from  East  Bangor. 

The  Strunk  or  Peerless  quarry  is  about  200  feet  square  and  about  80 
feet  deep. 

In  the  southea.st  Avail  the  beds  are  tightly  folded  and  shoAv  minor 
erum])lings  along  and  parallel  to  the  axis  of  a syncline  overturned  to- 
Avard  the  north,  Avhose  axial  plane  strikes  N.85°E.  and  dips  about  13°S.  ; 
this  axis  pitches  AA’estAvard  and  shows  again  in  the  Ncav  Peerless  quarry. 

The  thickening  and  thinning  of  beds  is  Avell  shoAvn  in  this  fold,  as  is 
also  the  effect  of  the  emergence  of  an  axis  on  the  direction  of  dip  of 
beds ; thus  at  the  surface  in  the  Avest  corner,  the  beds  are  vertical,  but 
only  15  feet  below  the  surface  they  are  horizontal ; in  the  south  corner, 
on  the  other  hand,  the  strata  dip  15°  or  less  to  the  south  on  the  upper 
limb  of  the  fold;  in  the  ea.st  corner  the  dip  is  opposite  or  20°N.  One 
big  bed  about  20  feet  below  the  surface  is  to  he  seen  in  the  middle  of  the 
southeastern  Avail.  The  same  beds  are  exposed  here  as  in  the  Peerless 
quarry.  The  cleavage  strikes  about  due  east  and  dips  15°S.  The  grain 
appears  to  trend  N.15°W.  and  is  vertical.  One  prominent  joint,  strik- 
ing N.48°E.  and  dipping  steeply  south,  Avas  ol)served.  Similar  jointing 
is  to  be  seen  in  the  NeAv  Peerless  (juarry.  This  opening  Avas  probably 
first  Avorked  in  1890,  but  the  cpiarry  has  not  been  operated  for  a long 
time,  presumably  not  .since  1900. 

4.  New  Peerless  (Bangor  Vein)  Quarry.  The  opening  is  about  460 
feet  by  225  feet.  Tlie  beds  exposed  are  throAvn  into  a synclinal  fold, 
having  a nortlnvard  overturn  and  aiioaxial  jilane  dipping  here  not  more 
than  8°  to  the  south,  and  striking  about  N.80°E.  This  axial  plane. 
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wliicl)  is  tlie  same  as  tliat deseribed  in  the  Strunk  (|uarry,  seems  to  i)iteU 
6°  toward  tlie  west,  as  tlie  synelinal  axis  ajipeai’s  only  about  lb  feet 
below  the  surface  in  the  soutli  corner  of  tlie  Strunk,  bO  feet  below  the 
surface  on  tlie  northeast  wall  of  the  Xew  Peerless  and  TOO  fi'ct  below  the 
surface  on  its  west  Avail. 

The  beds  record  this  structure  iiuite  cleai-ly.  In  the  njiper  level, 
about  60  feet  below  the  surface,  they  strike  X.45°E.  and  dij)  a maximum 
of  25°S. ; in  the  lower  level  they  strike  similarh'  and  di|)  a maximum 
of  60°N. 

The  beds  in  which  this  ipiarry  is  opened  are  probably  the  same  as 
those  of  the  North  Bangor  No.  .‘1  ipiarry  popularly  knmvn  as  the  North 
Bangor  No.  3 “run”.  In  the  classification  here  emjiloyed  they  lie  a 
short  distance  up  in  the  nipier  portion  of  the  Bangor  beds.  This  is  the 
correlation  generally  accepted  by  slate  operators,  and  as  it  ajipeai-s  to 
fit  in  well  with  the  structure  as  worked  out  in  these  studies,  it  is  here 
accepted. 

Tavo  very  thick  beds  are  Avorked  in  the  lower  level ; both  have  a 
“length”  along  the  cleavage  of  16  feet,  including  the  hard  south  end; 
their  actual  thicknesses  are  15  feet  in  the  case  of  the  upiier  (more 
northerly)  one  and  16  feet,  8 inches  for  the  lower  bed.  It  is  tbe  upper 
big  bed  that  is  thought  to  be  the  equivalent  of  the  North  Bangor  No.  3 
First  Big  bed.  The  mean  cleavage  strike  is  N.2t)-47°5V.,  and  tbe  dip 
is  13°SW.,  but  cleavage  strike  and  diji  are  Avidely  Auiriable  probably 
because  of  the  disturbance  caused  by  the  bedding-slip  fault  mentioned 
beloAV.  The  grain  trends  N.4()-47°\V.  and  is  vertical. 

Jointing  falls  into  tAvo  systems.  One  of  these  has  an  average  strike  of 
about  N.30°W.,  Avith  45°  dijis  to  the  north;  the  second  has  steep  dips, 
Avithin  a feAV  degrees  of  vertical  in  either  direction,  and  strikes  N.55°'\V. 

The  most  striking  structural  feature  in  the  quarry  is  a biMlding  slip 
fault.  In  the  tight  fold  already  mentioned  as  shoAving  on  the  northeast 
side,  the  more  southerly  beds  have  been  far  more  closely  folded  than 
those  to  the  north.  In  the  intense  shear  between  these  tAvo  sets  of  beds, 
a portion  of  the  more  southerly  beds  has  been  completely  sheared  off. 
The  fault  zone  has  been  sbattered  and  is  largely  filled  Avith  ipiartz;  a 
series  of  small  joints,  striking  N.60°F.  and  dipping  vertically  apjiears 
immediately  aboA’e  the  fault  zone;  along  it,  also,  the  cleavage  is  very 
highly  flexed.  The  fault  disappears  AvestAvard,  Avhere  the  folding  of  the 
southerly  beds  is  not  so  sharp.  From  this  it  Avould  seem  that  Avorking 
AvestAvard  in  the  quarry  Avould  carry  the  operators  out  of  this  undesir- 
able shear  zone  and  into  less  closely  crumpled  beds,  having  a.  Ainiform 
southerly  dip. 

This  quarry  is  on  the  Peerless  jiroperty.  It  Avas  first  AVorked  in  181)2, 
and  A\as  in  operation  in  1927.  An  interesting  feature  is  the  use  of  didll- 
ing  and  broaching  in  quarrying'. 

5.  Liitle  Bangor  Quarry.  The  opening  is  500  feet  south  of  the  Old 
Peerless  qrTarry.  The  quarry  is  45  feet  square,  its  sides  trending  north- 
east and  northwest,  and  about  40  feet  deep. 

The  quarry  should  be  in  beds  of  the  upper  part  of  the  Bangor  Fnion 
“run”,  or  in  the  loAver  iiart  of  the  upper  section  of  the  Bangor  beds. 
The  beds  and  cleavage  are  about  jiarallel,  dipping  gently  southward. 
Grain  trends  N.35°5V.  and  is  vertical.  Tavo  sets  of  joints  are  recognized, 
striking  respectively  N.20°E.,  Avith  dips  of  80°NAV.,  and  N.55°E.,  Avith 
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A.  Xorth  half  of  jiortl least  Avail,  X<‘\v  l*eerless  (liaiinin'  Vc'iii)  <iiiarry, 
sliowinj;  rc'latively  ojx'ii  fold  of  IxhIs  north  of  heddiiift  slip  fault. 

('oiiiparo  with  li. 


15.  South  half  of  iiortlu'ast  wall,  \(*w  Peerless  nuarry,  slrowiiif*'  close 
fold  of  h(*ds  south  of  heddiii}"'  slip  fault;  the  fault  zone  itself  is  liighly 
shattered  at  A,  hut  a closely  folded  hed  shows  south  of  it. 
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(lips  of  fi5°X'\.Y.  Tlio.s(‘  eon'esiioiid  to  two  .similar  systcous  in  tlio  Xcw 
Peerless  (piarry.  Some  of  the  slate  on  the  dum])  is  distinctly  “knotty."’ 

This  hole  was  o])eiied  about  25  years  ago  hnt  has  not  been  worked  for 
the  last  twenty  years. 

6.  This  is  a small  cut  about  30  feet  S(iuare  and  20  feet  dee]).  Xear 
the  southeastern  end  one  large  bed,  about  2'/;  feet  thick,  strikes  X.35°E. 
and  dips  20°X.  There  are  also  several  sandy,  somewhat  calcai-eous 
layers.  The  cleavage  is  near  horizontal.  The  grain  a])pai'eutlv  ti'cuds 
x!40°W. 

The  hat  cleavage  in  this  (piarry  suggests  the  presence  of  another 
close  fold  toward  the  north. 

7.  Mouniaiti  Yieii'  (JudiTu.  This  (piarry  is  situated  about  4,000  feid 
due  north  of  East  Bangor.  It  measures  approximately  125  feet  scpiare, 
and  is  about  75  feet  deep. 

The  strike  of  the  bedding  is  X.:15°5Y.,  with  a dip  of  0°  toward  the 
southwest.  As  the  next  outcrops  to  the  north  of  this  (piarry  sh(»w 
strikes  that  are  again  northea.st  and  more  nearly  normal,  it  would  ap- 
pear that  this  oiiening  is  near  the  axis  of  a westAvard  jiitching  syncline. 
The  cleavage  .strikes  X.75°E.,  di]iping  20°8. ; the  grain  trends  X.45°"\Y. 

A single  large  bed  about  2 feet  thick  with  a “hard  roll"’  a foot  in 
thickne.ss,  oiitcrojis  10  feet  east  of  the  soiitlnvest  edge  of  the  (piarry. 
The  beds  Avorked  here  Avere  probably  those  immediately  above  and  beloAV 
the  Gray  bed  of  the  Old  Bangor  “run”,  although  those  exjiosed  at  the 
surface  are  all  slightly  higher. 

A series  of  joints  Avith  X.45°5Y.  strikes,  dipiiing  55°XE.,  is  promi- 
nent; there  are  also  several  vertical  joints  striking  X.20-()0°E.;  on  the 
sontliAvest  side  are  several  vertical  joints  averaging  X.OO°E.  in  strike. 
The  radiating  pattern  of  these  joints,  so  characteristic  of  openings  on 
the  ends  of  axes,  is  here  Avell  shoAvn. 

The  products  included  milled  material  and  roofing  slates. 

8.  Consolidated  No.  3 Qnar)ii.  Approximately  2,000  feet  nortliAvest 
of  the  toAvn  of  East  Bangor,  in  the  direction  of  the  ridge  road,  is  an 
irregular  o])ening,  roughly  rhomboid  in  shajie,  mea.snring  ajiiiroximately 
350  feet  on  the  side  and  about  100  feet  deep. 

In  detail  the  strike  of  the  beds  in  this  (piarry  is  variable,  extend- 
ing from  X.8°  to  25°^.,  Avith  dijis  of  5°  to  8°5Y.  The  major  structure, 
like  that  in  the  iMonntain  YicAV  (piarry,  is  a jiitching  syncline  Avith  a 
someAvhat  hat  liottom,  and  it  Avonld  seem  that  this  quarry  is  nearer  the 
axis,  AAdiich  has  a 25°  jiitch  AvestAA’ard.  The  Gray  bed  lies  50  feet  lieloAv 
the  surface  along  the  nortliAAest  Avail  of  the  (piarry.  This  sIioavs  that 
the  opening  is  in  the  njijier  of  the  tAAo  sections  of  the  Bangor  beds.  In 
the  nortliAvest  Avail  of  the  (jiiarry  is  the  Black  Ribbon  big  bed  ; alioiit  18 
feet  beloAv  the  surface  of  the  ground  and  on  the  Hoor  of  the  upper  jiiece 
is  the  Thirteen  big  bed,  Avhich  here  has  a thickness  of  3 feet  and  a 
“length”  along  the  cleavage  of  8 feet. 

The  cleavage  in  general  strikes  X.85°E.  and  dijis  24° S. ; grain  trends 
about  X.57°W.,  Avhich  is  unusual. 

The  jointing  in  this  (jiiarry  is  sigiiiticant.  The  systems  are  nnmerons 
and  the  general  pattei-n  is  radial.  The  folloAviug  is  a list  of  tlie  joint 
strikes  and  dips  actually  observed; 
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Joints  in  Consolidated  No.  3 Quarry. 


Strike 

Dip 

Xunibe 

r Strike 

Dip 

Xumber 

X.  15° 

E. 

Vertical 

a 

Due  E. 

85°  S. 

3 

X.  ao” 

E. 

t'ertical 

1 

X.  00°  AV. 

70°  S. 

3 

X.  4(1° 

PL 

SO°  X. 

t 

X.  .50°  AV. 

Vertical 

2 

X.  50° 

E. 

Vertical 

1 

X.  22°  AV. 

A'ertical 

i 

X.  05° 

E. 

Vertical 

1 

X.  22°  AV. 

80°  X. 

2 

It  follows  from  the  abov 

e that 

every  thirty  degrees  in  < 

iziiiuith  liavi 

their  joint  or  set  of  joints.  Of  these,  tlie  joints  striking  dne  east  may 
well  be  compression  joints,  developed  by  the  inward  pressure  toward 
the  axial  plane  exerted  by  the  liml)s  of  the  fold. 

This  (piarry  was  first  opened  in  1882.  It  is  now  the  property  of  the 
blast  Bangor  Consolidated  Slate  Comjiany,  Tnc.,  of  East  Bangor,  Ba. 

The  jirodnets  were  roofing  slate  and  slate  for  strnctnral  and  sanitary 
])nrposes. 

9.  Slnnier  Quarry.  The  (piarry  lies  about  800  feet  northwest  of  the 
Consolidated  Xo.  3 cpiarry.  It  is  800  feet  long,  175  feet  wide,  being 
roughly  rectangular  and  is  probalily  100  feet  or  more  deep.  The  slate 
below  this  is  inaccessible ; hence  only  estimates  of  the  dip  and  strike  of 
the  beds  could  be  made;  these  appear  to  be  X.10°AV.,  15°SW.  The 
quarry  is  therefore  in  the  same  synclinal  trough  occupied  by  the  Con- 
solidated Xo.  8 and  the  Alonntain  A^iew  quarries,  and  operations  were 
probably  in  much  the  same  beds,  the  Gray  bed  probably  having  a depth 
of  -10  feet  below  the  surface. 

This  quarry  has  been  idle  for  several  years.  The  remnants  of  mill- 
stock  on  the  dump  look  promising;  no  roofing  slate  was  seen,  but  some 
was  undoubtedly  made  here. 

10.  Consolidated^  No.  2 Quarry.  The  quarry  is  500  feet  soutliAvest  of 
the  Consolidated  Xo.  3 quarry  and  lies  between  that  opening  and  the 
Consolidated  Xo.  1 — Star  ])it.  The  opening  is  almost  reetangidar  and 
roughly  300  feet  on  the  side,  and  70  feet  deep  to  the  level  of  the 
water  which  stands  in  the  deepest  ])art. 

The  beds  here  are  like  those  of  the  Consolidated  N^o.  1 — Star,  but  the 
strike  has  taken  a sudden  turn,  so  that  it  is  X.40°AV.,  Avitli  a dip  AATst- 
Avard  in  the  Avest  corner  at  the  surface,  although  loAver  doAvn  the  strike 
is  X.30°AA".  The  (juarry  is  thus  still  in  the  synclinal  trough  mentioned 
in  the  description  of  the  Shinier,  Consolidated  Xo.  3,  and  Mountain 
Adew  quarries.  The  cleavage  strikes  X.85°E.,  and  dips  23°  (average)  S. 
The  grain  trends  X.40°AAk,  dipping  70°-90°XE.  Jointing  is  conspicu- 
(uis.  Tavo  sets  of  joints  are  recognizable,  one  striking  X.15°-35°E.  and 
having  very  steej)  dips,  the  other  striking  X.35°AA’’.  (average),  Avith  dips 
of  50°-60°X.  Tlie  strikes  are  very  similar  to  the  two  main  systems  in 
the  Consolidated  Xo.  1 — Star  (piarry,  but  the  dip  angles  are  different. 

The  (piarry  site  was  located  by  Ifray  and  Short  in  1865;  110  acres  of 
land  Avere  boiig'ht  for  $6, ()()()  and  operations  were  begun.  Since  about 
1010,  lioAveATi',  no  slate  has  been  quarried  here. 

The  iirodiiction  consisted  of  structural  and  sanitary  material  and 
roofing  slate. 

11.  Consolidated  No.  1 — C<tar  (Quarry.  The  large  dump  of  this 
quarry  is  a conspicuous  landmark  at  East  Bangor.  In  area  of  surface 
opened,  the  hole  is  the  second  largest  in  the  district.  It  is  irregular  in 
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form  sug’gestino-  a rec'tau«le  500  by  1,000  feet  in  size,  Init  -witli  a tri- 
ano'nlar  promontory  of  .slate  projeetino’  nortlnvarO  from  tlie  sontliern 
corner.  The  bottom  of  the  quarry  is  extremely  A'ariable  in  dejitli,  as 
tlie  opening'  has  been  -woi-ked  ii-regnlarly,  now  liere,  now  tliere.  In  1924, 
two  working  parts  were  maintained,  one  in  about  tlie  middle  of  the 
soutliea.st,  the  other  along  the  northwest  side.  Both  were  about  70  feet 
below  the  surface. 

A difficulty  encountered  in  stri])]ung  the  northern  iiart  of  this  ipiarry 
was  the  large  quantity  of  glacial  material  overlying  the  slate.  This 
overburden  is  20  feet  thick  along  the  northwestern  side  of  the  ipiarry 
near  the  western  corner,  hut  thins  to  only  three  feet  toward  the  south 
and  decreases  similarly  eastward,  Plate  1,B  illu.strates  the  heavy  cover 
which  had  to  be  strijiped  off  before  the  slate  is  reached. 

Below  the  surface,  after  the  beds  to  the  south  take  a sharji  turn,  so 
as  to  dip  southward  at  a steep  angle  (see  description  of  Columbia 
Bangor  quarry  below),  they  resume  a northward  dip,  which  seems  to 
flatten  more  and  more  as  the  beds  are  followed  down  the  dip.  It  is 
these  north-dipping  beds  that  the  Consolidated  No.  1 — Star  quarry  has 
exposed.  These  .strike  varioii.sly,  an  average  of  five  observations  along 
the  southern  working  piece  giving  a strike  of  N.32°E.,  with  a di]i  of 
21°N. ; the  dip,  however,  sulfers  minor  variations,  in  general  declining 
northward,  while  the  strike  swings  more  nearly  due  north  so  as  to  be- 
come N.20°’\V.  at  the  most  northerly  corner  of  the  hole,  with  a dip  of 
7°S'\V.  Tn  .short,  the  structure  presages  the  westward  pitching  synclinal 
axis  mentioned  in  the  Shinier,  Mountain  View,  and  Consolidated  No. 
3 quarries.  A .sketch  map  to  show  these  changes  in  di])  and  strike  is 
presented  in  Figure  58.  The  beds  quarried  are  mainly  those  lying 
immediately  above  the  Gray  bed,  which  is  itself  to  be  seen  in  the  south- 
ern working  level,  and  outcrops  again  .just  south  of  the  southeastern 
edge  of  the  opening  at  the  surface  of  the  ground.  The  (Middle  big  bed 
should  be  not  far  below  the  1924  workings  and  is  accessible  in  dejith. 
At  the  northern  working  level  the  Black  Ribbon  bed  is  being  Avorked 
and  the  Bangor  Union  big  bed  shoAvs  in  the  soutliAvestern  Avail  of  the 
quarry,  Avest  of  the  southern  Avorking  level  of  1924. 

The  cleavage  shoAvs  slight  variations  in  strike  and  dip,  but  may'  be 
generalized  as  striking  N.80°E.,  with  a dip  of  19°8.  The  grain  trends 
N.dO®^.,  Avith  a di]i  of  80°E. 

Jointing  is  comjilex,  as  might  be  ex])ected  with  the  sharji  turn  of  the 
hedding.  Tn  the  Consolidated  No.  2 quarry,  the  .ioints  have  been  de- 
.seribed  as  constituting  two  sets,  one  striking  N.15°-35°E.,  Avith  steep 
dips,  the  other  .striking  N.35°5V.  Avith  nortlnvard  dijis  of  50°-60°.  In 
the  Consolidated  No.  1 — Star  quarry  similar  strikes  are  seen,  but  the 
dips  are  not  the  same,  both  systems  having  steep  dijis  in  either  direction. 
Most  consjiicuous  ai'e  vertical  .joints  having  strikes  of  N.30°E.,  Avhich 
are  esjiecially  Avell  developed  on  the  northeast  Avail  of  the  (juarry  (s(>e 
Plate  10, B).  A set  of  N.(i5°E.  joints  dij)  vertically,  and  generally  ends 
at  the  inteiAsection  Avith  joints  of  the  N.35°E.  set;  it  is  suggested  that 
the  N.65°E.  set  is  particularly  related  to  the  turn  in  the  strike  of  the 
beds. 

In  the  bottom  of  the  (piarry,  Avhich  is  noAV  coA'ered  Avith  Avaste,  and  in 
the  nortliAvestern  corner  there  are  jilaces  Avhere  calcareous  beds  show 
minute  crumpling  Avith  the  deA'elojmient  of  false  cleaA’age.  Here  (piar- 
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Fiji.  58.  ina])  of  Consol iclatecl  X^o.  l-Sfar  quarry,  to  show 

iiortliward  rhaiige  in  strike  of  beds  as  synclinal  axis  is  apitroached. 


vying  tvill  pi'o])ably  prove  unfavorable,  as  the  regularity  of  cleavage  in 
(slate  bearing  false  cleavage  is  generally  reduced. 

This  (juarry  originally  consisted  of  two  separated  jtarts,  the  eastern, 
formerly  known  as  the  Consolidated  No.  1,  and  the  western,  smaller 
])ortion  called  the  Star  cpiarry.  The  eastern  two-thirds  of  this  quarry 
was  opened  about  1870. 

Since  1868  the  old  Star  qnariy,  which  is  the  triangular,  most  western 
portion  of  the  present  opening,  has  been  o])erated  at  intervals  by  various 
companies.  Since  191!)  the  two  openings  have  been  united  and  opera- 
tion of  the  I’esnlting  large  (piarry  has  been  virtually  continuous.  In  the 
beginning  one  of  the  main  ])roducts  rvas  marbleized  slate.  The  products 
now  are  j-oohng  slate,  structural  and  sanitary  slate,  and  electrical  slate. 

12.  Hlatuhird  Quarv]!.  This  (luarry,  200  feet  we.st  of  the  Consoli- 
dated No.  1 — Star  (|uan'y,  is  300  by  200  feet  in  ])lan;  and  at  least  d() 
feet  deep.  Near  the  northern  corner  the  strata  strike  N.45°B.  and 
dip  22°NAV. ; in  the  middle  of  the  southeastern  side  they  strike  N35°E. 
and  dip  ]9°NW.  No  big  beds  are  to  be  seen  above  the  wmter  level,  but 
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the  beds  worked  were  undoubtedly  tbe  same  as  those  exposed  in  the 
Consolidated  Xo.  1 — Star  (luarry,  except  that  tlie  Gra.y  beil  was 
probably  encountered  at  greater  depth.  The  cleavage  strikes  X.78°E., 
and  dips  21°S.  The  ipiarry  has  l)een  long  abandoned. 

13.  Bangor  Valley  { Bangor  Eclipse ) (Quarry.  This  opening  is  about 
3,500  feet  due  west  of  the  town  of  East  Eangor.  It  measures  roughly 
200  by  300  feet.  Topographically  it  occupies  a low  ])Osition  ; the  top  of 
the  hole  is  only  about  30  feet  above  the  creek.  The  depth  is  about 
100  feet. 

In  the  northern  corner  the  l)eds  strike  X.88°’\V.,  dipping  10°X"E. ; 
virtually  the  same  dip  and  strike  are  observable  elsewhere  in  the  walls. 
Presumably  the  beds  are  about  tbe  same  as  tho.se  in  the  Bangor  Central 
qnarry  (see  below),  bnt  the  upper  sections  of  the  latter  are  probably 
missing  becau.se  of  the  lower  topographical  position  of  the  Bangor  Val- 
ley quarry.  Xo  thicker  beds  were  seen.  In  general,  tbe  cleavage  strikes 
X.59°E.,  and  dips  about  25°S.,  steepening  slightly  northward.  Grain 
trends  X.45°W.  and  is  vertical. 

Two  systems  of  joints  were  noted  striking  respectively  X.55°E.,  and 
due  east ; the  former  system  can  be  subilivided  again  into  joint  planes 
dipping  about  35°8.  and  others  dipping  5U°X".  The  joints  that  strike 
due  east  are  vertical  but  are  the  le.ss  well  marked  of  the  two  systems. 
These  various  types  of  joints  are  well  seen  on  the  northwest  wall. 

The  quarry  was  operatetl  until  the  beginning  of  the  World  War. 
Profit  was  obtained  e.sj)ecially  from  quarrying  the  Mike  Taylor  bed. 

14.  Bangor  Central  Qnarry.  TbLs  lies  200  feet  west  of  the  Bangor 
Valley  (piarry.  It  is  about  225  feet  square. 

1 lie  till  cover  is  as  much  as  25  feet  thick,  but  varies  greatly.  At  the 
surface  the  beds  appear  to  dip  30° 8.,  with  a strike  of  X.60°E.  In  the 
bottom  the  dips  are  northward  and  generally  -t°  to  5°,  with  strikes 
averaging  X".45°E.  The  structure  is  tiuis  continuous  with  that  of  the 
western  side  of  the  Consolidated  Xo.  1 — Star  jiit. 

In  the  bottom  of  the  quarry  the  sequence  exposed  is  mainly  that  lying 
between  the  Thirteen  big  bed  and  Black  Bibbon  big  bed;  the  Gray  betl 
being  encountered  by  deeper  workings  at  tbe  sonthern  edge  of  the 
quarry.  The  iMike  Taylor  big  bed  was  cut  through  at  the  very  surface. 

The  cleavage  dips  30°  or  so  BE.  at  the  surface  and  has  an  average  dip 
of  15°  in  the  bottom,  with  a stiuke  of  X.80°E.  Grain  trends  X.05°W., 
an  unusually  strong  westward  strike;  the  grain  plane  stands  vertical. 
The  low  angle  between  the  dip  of  the  beds  and  the  dip  of  the  cleavage 
is  favorable  to  a considerable  “lengtli"  of  slate  along  the  cleavage, 
even  though  beds  ai'e  somewhat  thinner  than  usual. 

Jointing  in  this  qnarry  is  exceptionally  uniform.  On  the  Avorking 
level  two  joint  sets  were  observed,  of  which  one  strikes  due  north,  with 
dills  of  50°  or  more,  generally  eastward;  the  other  and  dominant  set 
strikes  due  east,  with  vertical  dips.  This  constancy  in  joint  systems  is 
probabh'  attributable  to  the  fact  that  the  nearest  close  fold — that  in  the 
Columbia  Bangor — has  a strike  ai)])arently  at  right  angles  to  the  direc- 
tion of  thrust  in  the  slate  folds,  so  that  minor  stresses  with  an  oblique 
direction,  sneli  as  wonld  be  exerted  in  the  ends  of  pitching  tronghs,  were 
not  set  up.  In  this  opening  also,  the  development  of  lenses  of  pyrite  on 
the  joint  planes  Avas  observe<l.  As  far  as  can  be  recalled,  the.se  Avere  seen 
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only  in  the  joints  .sti-ikino'  dne  nortli.  They  are  thin  in  their  east-west 
dimensions,  measure  0.1-0. 2 inehes  vertically,  are  0. 3-0.1:  indies  long, 
and  are  clearly  secondary. 

The  quarry  was  ojiened  about  sixty  years  ago,  but  a jieriod  of  depres- 
sion forced  the  suspension  of  work  from  1885  to  1906. 

In  1924  this  quarry  jiroduced  only  roofing'  slate  and  wall  slate,  al- 
though millstock  and  electrical  slate  could  well  be  made. 

15.  Bangor  Boyal  Qaarry.  This  0])ening',  an  elongated  rectangle 
about  350  by  150  feet  in  size,  and  about  100  feet  deep,  is  situated  200 
feet  west  of  the  Bangor  Central  (juarry. 

At  the  north  end  of  the  ipiarry  40  feet  of  slate  are  exposed.  This 
slate  is  nowhere  accessible,  but  its  strike  apjiears  about  the  same  as  in 
the  Bangor  Central,  with  a northward  dip  of  ai^proximately  7°.  The 
attitude  of  the  cleavage  is  similar  to  that  in  the  Bangor  Central  quarry. 
Grain  trends  N.45°W.  and  dips  vertically.  A description  of  this  open- 
ing ap])ears  in  Sanders’s^  re])ort  on  the  slate  region;  it  is  described  as 
having  bedding  dipping  N.40°E.  and  cleavage  S.40°AY.,  but  it  is  be- 
lieved that  the  letters  were  reversed  in  the  printing,  the  beds  actually 
di]i])ing  N.40°W.,  and  the  cleavage  S.40°E. 

The  quarry  has  been  abandoned  for  at  least  ten  years.  It  was  evi- 
dently alreadj^  opened  when  visited  by  Sanders  in  1874-78. 

16.  Columbia.  Baugor-New  Bangor  Quarry.  This  opening  has  been 
owned  and  operated  by  two  separate  companies.  The  east  end  is  gener- 
ally known  as  the  Columbia  Bangor  ( Ditehett’s)  quarry;  the  west  end 
is  fre(|nently  called  the  New  Bangor  quarry. 

It  is  roughly  a mile  northeast  of  the  postoffice  at  Bangor  on  the  Port- 
land highway.  The  o]mning  is  large  and  irregular  in  form.  Measuring 
800  by  400  feet,  it  is  the  third  largest  opening  in  the  Bangor  group.  At 
the  eastern  end  it  has  a maximum  depth  of  about  125  feet.  On  the  W'est 
end  the  maximum  depth  in  1927  was  100  feet.  As  the  land  surface 
slopes  north,  the  quarry  hole  is  deeper  to  the  south. 

This  opening  is  the  only  one  in  Avhich  a direct  chie  to  the  structure 
underlying  that  shown  in  the  Old  Bangor  is  seen.  It  will  be  recalled 
that  in  the  Bangor  Central  0])ening‘  the  beds  dip  gently^  northward. 
These  beds,  as  they^  are  followed  u])  dip  and  southward,  make  a sharp 
turn  where  they  are  cut  by  the  northwest  Avail  of  the  Columbia  Bangor. 
In  the  northwest  and  northeast  walls,  therefore,  of  the  Columbia 
Bangor,  there  are  shown  the  traces  of  a shaiq)  syncline,  the  axial  plane 
of  which  dips  gently  southward.  Thus  on  the  northeast  wall  at  the 
surface  the  beds  di]i  steepl.y  southward,  but  change  the  direction  in 
their  downward  course  until  they^  dij)  northward  at  an  angle  of  45°. 
The  strike  in  N.65°E.,  and  the  bedding  trace  on  this  wall,  which  trends 
roughly  normal  to  the  strike,  thus  shoAVS  the  true  structure  in  the  Co- 
lumbia Bangor  (piariy.  PolloAA^ed  westAvard,  this  fold  passes  into  the 
nortliAvest  Avail  of  the  quarryn  The  ])rojection  of  the  bedding  on  the 
nortliAvest  quariy  face  is  thus  a flattened  curve  closing  AvestAvard. 
Figure  59  illustrates  the  ai)i)earanee  of  this  feature  as  seen  Avhen  look- 
ing doAvn  into  the  northern  corner  of  the  quarry'"  from  the  southeast 
edge.  As  the  structure  is  folloAved  upAvard  hoAVCA'er,  it  gives  place 
to  a A'eiy  close  anticline,  the  upper  limb  of  Avhich  forms  the  lower  limb 
of  the  Old  Bangor  syncline.  The  axis  of  the  anticline  is  noAvhere 
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projection  of  bedding  on  northwest  and  true  dip  on  northeast  wall;  iis 
seen  from  near  the  east  corner  of  the  opening. 

shown,  but  is  inferred  from  a comparison  between  the  syneline  seen  in 
the  nortbea.st  wall  of  the  Columbia  Bangor  portion  of  the  opening  un- 
der discussion  and  the  soutlnvest  wall  of  tlie  New  Bangor,  which  shows 
only  a part  of  the  upper  limb  of  the  anticline  or  what  comes  to  the 
same  thing,  of  the  lower  limb  of  the  Old  Bangor  syncline  (see  Plate 
44,  BB').  It  i.s  thus  apparent  that  there  are  in  this  quariw  traces 
of  two  synelines  and  an  anticline,  all  recumbent.  This  Columbia  Bangor 
syncline  may  be  regarded  as  a small  drag  fold  on  the  under  limb  of  tbe 
larger  Old  Bangor  syncline  to  be  mentioned  later. 

The  beds  exposed  are  the  Gray  bed  and  the  se(]uence  immediately  to 
the  south  (i.e.,  below).  Tbe  (Middle  (or  Gray  bed)  big  bed  is  to  be 
seen  in  about  the  middle  of  the  bottom  of  the  Columbia  Bangor  jtoi'- 
tion  of  the  hole.  A remarkable  feature  is  the  great  actual  thickne.ss  of 
the  beds. 

The  angle  between  the  cleavage  and  the  bedding,  however,  i.s  so  nearly 
90°  that  the  length  of  slate  obtainable  is  scarcely  greater  tban  tbe  actual 
thickness  of  the  bed. 

The  cleavage  in  the  Columbia  Bangor  part  strikes  X.87°\V.,  and  dips 
15°S.,  but  in  the  New  Bangor  part  of  the  quarry  it  .strikes  X.4.3°E., 
and  dip  17°S.  Grain  trends  and  is  vertical. 

Three  systems  of  .joints  are  recognized,  both  in  the  upiiei-  surface  and 
below,  on  the  southwest  wall  of  the  hole.  These  systems  strike  re- 
spectively (1)  X.4()-65°E..  with  dips  of  40-75°X. ; (2  ) X.o°AV.-X.5°E., 
with  planes  having  curved  surfaces,  so  that  the  angle  of  dip  vaibes  from 
29°  to  50°  E.;  and  (3)  X.75°.E.-X.8U°W.,  wdth  veidical  planes.  The 
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last  system  consists  largely  of  a series  of  dominant  joints  striking  dne 
east,  between  which  are  small  discontiniions  joints  striking  more  nearly 
N.80°W.  The  second  system  appears  to  he  indeiiendent  of  the  others. 
Joints  of  the  third  dominate  those  of  the  first  sj'stem  and  cnt  across 
them  without  l)eing  offset  themselves. 

This  qnarry  was  already  80  feet  dee]i  in  1876.  Since  1890  0])erations 
have  been  continuous  in  the  eastern  part  of  the  opening,  but  intermit- 
tent in  the  western.  In  the  past  it  has  yielded  roofing  slate  and  mill- 
stock. 

17.  Bangor  Excelsior  Quarry.  Tlie  northeast  edge  of  this  quarry 
is  jiarallel  to  the  southwest  side  of  the  New  Bangor  and  is  separated 
from  it  only  hy  an  inclined  track.  It  is  generally  I'ectangular  and  450 
feet  square.  The  depth  is  probably  150  feet. 

Probablj^  the  beds  strike  generally  N.35°E.,  as  in  the  New  Bangor  to 
the  east,  and  di])  abont  15 °N.  The  structure  is  a continuation  along  the 
strike  of  the  lower  limh  of  the  Old  Bangor  syneline  (see  below).  The 
((uarry  was  opened  in  beds  immediately  above  (i.  e.,  north  of)  the 
Gray  bed,  tlie  Middle  big  bed  doubtless  being  encountered  at  a depth  of 
about  35  feet  below  the  surface.  Cleavage,  as  best  it  could  be  deter- 
mined, strikes  N.45°E.  and  dips  15°S.  The  grain  trends  N.50°AV.  and 
is  vertical. 

Joints  seen  are  of  three  systems,  all  dipping  a])proximately  vertically 
and  striking  respectively  N.30-40°E.,  N.80°E.-N.80°AV.,  and  N.60- 
65°A\^.  The  first  and  second  apparently  correspond  to  the  first  and  last 
systems  listed  as  occurring  in  the  Columbia  Bangor-New  Bangor  quarry, 
AVhile  the  third  has  no  counterpart  in  the  Neiv  Bangor,  unless  indeed 
it  represents  only  a slight  variation  in  the  strike  of  the  N.80°E.-N.80°AV'. 
system. 

The  quarrj^  was  being  operated  Avhen  Sanders  visited  the  region  in 
1874-78  bnt  Avas  not  Avorked  in  recent  years.  The  main  production  has 
been  rooting  slate,  but  also  some  millstock. 

18.  Old  Bangor  Quarry.  This  quarry  lies  half  a mile  east  of  Bangor. 
It  is  the  third  largest  quarry  in  the  district,  roughly  1200  by  550  feet 
in  its  greatest  dimensions.  The  form  in  ground  plan,  hoAvever,  is  very 
irregular. 

The  old  bottom  of  the  quarry  is  flooded,  but  the  slate  is  exposed  all 
along  the  southeast  side,  attaining  a thickness  of  not  less  than  100  feet 
along  the  northeast  and  southeast  sides.  Alore  recent  Avork  has  been 
along  the  northeast  side  Avhere  a shelf  had  been  cut  doAvn  60  feet  beloAv 
the  surface  by  September,  1924. 

The  quarry  exposes  the  Old  Bangor  syncline.  This  is  a fold  Avith  an 
almost  fiat  axial  plane,  the  axis  trending  N.42°E.  The  fold  is  shoAvn  in 
its  true  relations  on  the  northeast  quarry  Avail,  and  here  also  it  is  seen 
that  the  u])per  limh  dips  more  steeply  than  the  loAver,  that,  in  short, 
the  axial  plane  is  not  quite  horizontal,  bnt  has  instead  a dip  of  4°S. 

As  a ])art  of  the  quarry  is  above,  a part  lieloAV  the  axis,  the  plane  of 
Avhieh  appears  at  the  surface  of  the  ground  in  the  north  corner  of  the 
hole,  the  dip  of  the  beds  is  north  or  south  at  different  levels  in  the 
quarry;  even  near  the  axis  of  the  fold,  however,  the  dip  is  generally 
loAver  than  30°.  The  appearance  of  a very  flat  syncline,  Avith  limbs 
diverging  only  30°  or  so,  AAfliich  is  seen  in  the  southeast  Avail,  is  hoAvever, 
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Pr.ATK  47. 


A.  View  of  mill,  dump,  and  southeast  wall  of  Old  IJaiio-or  (juari'y; 
from  east  corner  of  Banj>'or  Union  quarry. 


B.  East  corner  of  Old  Baufjor  quarry;  lookin<>  X.OO°E.  from  middle 
of  northwe.st  side  at  the  northward  overturned  Old  Bangoi-  syncline. 
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illusory  and  is  raiised  by  the  siuall  angle  between  the  strike  of  the  beds 
and  the  ])lane  of  this  wall.  The  strike  of  the  beds  varies  between  N.30° 
and  62°E.  For  further  illustration,  see  Figure  60. 


The  quarry  has  given  its  name,  in  the  parlance  of  slate  operators,  to 
a series  of  beds  generally  s])oken  of  as  the  Old  Bangor  “run”.  These 
include  the  se(|uence  between  the  Thirteen  hig  bed,  which  Avas  quarried 
in  the  north  corner  along  the  axis  of  the  fold,  and  the  Nine  Foot  big  bed, 
Avhieh  is  seen  in  the  southeast  wall  and  outcrops  in  the  east  corner.  The 
Gray  bed  comes  to  the  surface  near  the  mitldle  of  the  northeast  edge  of 
the  hole.  A series  of  sandy  beds  exposed  at  the  east  corner  (where,  be- 
cause the  se(inenee  is  overturned,  they  lie  above  the  Nine  Foot  big  bed) 
Avas  encountered  in  the  deejAest  parts  of  the  quarry. 

The  cleavage  strike  varies  hetAveen  the  same  hearings  as  Avere  given 
for  the  bedding,  but  it  generally  trends  more  nearly  due  east  than  does 
the  latter;  the  dips  are  nearly  horizontal,  rarely  exceeding  4°  in  either 
direction.  The  grain  plane  strikes  N.bO®^.  and  is  vertical. 

The  jointing  Avas  studied  in  detail  only  on  the  small  ledge  of  the 
])resent  Avorking  leA'el.  Here  four  systems  Avere  recognized,^ — one  strik- 
ing N.3()°'\V.,  Avith  dips  of  75°N. ; a second  striking  generally  due  east, 
Avith  A'ertical  dii)s;  a third  striking  N.5()°-67°  E.,  Avith  A'ertical  di])s; 
and  a fourth  striking  N.2()°-30°E.,  Avith  dips  of  60°-9()°S.  All  joints 
observed  clearly  fall  into  one  of  these  .sy.stems.  Of  these  the  N.30°W. 
joints  are  rare. 

There  are  thus  tAvo  systems  of  joints  Amry  similar  to  those  in  the 
Baiigor  Excelsior  and  Columbia  Bangor-New  Bangor  (juarries,  one 
striking  northeast,  the  other  due  east. 

The  hill  on  which  the  Old  Bangor  masts  noAv  stand  Avas  once  the 
property  of  Philip  Labar.  Bobert  i\I.  -Jones,  Avho  has  been  called  the 
founder  of  Bangor,  fii'st  discovered  slate  there  and,  Avith  Labar,  opened 
the  qnarry  in  1863.  Since  that  time  it  has  been  Avorked  sporadically. 
In  1924  it  Avas  sold  to  a ucav  organization,  the  Amalgamated  Slate 
Quarries  Company  of  Easton,  Pa.  The  (ptarry  has  an  omnipresent 
problem  in  the  disposal  of  Avaste,  Avhich  is  now  being  throAvn  into  the 
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old  hole  or  carried  south  ujdiill.  The  ])roduction 
slate,  hut  uiillstock  has  Ix^ui  jtroduced  at  inteiu’als. 
photog-raph  of  the  dumj),  plant,  and  opening 


is  mostly  roofing 
is  shown  in  Plate 


19  ^orfh  Bangor  Xo.  3 i^Harrg.  This  lies  200  feet  north  of  the 
northeast  corner  of  the  North  Bangor  rjnarry,  described  below.  It  is 
d_U  by  too  teet  in  plan  and  was  about  fib  feet  deep  in  1024 

The  beds  at  the  surface  strike  X.fi3°E.  and  dip  :ib°-4o'°S  bnt  in 
the  bottom  they  turn  so  as  to  dip  40°X.  The  structure  is  thus  a north- 
ard  overturned  syncline,  the  axial  ])lane  of  which  dips  south  8°  and, 
to  .judge  by  the  cleavage,  strikes  X.80°E.  Although  this  axis  is  thus 
considerably  above  the  axis  in  the  North  Bangor  (piarry,  it  is  clearlv 
a part  of  the  same  structure,  for  (piarrymen  insist  that  between  the 
two  openings  all  beds  dip  .south  at  the  surface. 

In  the  North  Bangor  No.  .3  quarry  there  are  two  big  beds  the  more 
northerly  of  which  is  called  in  this  report  the  North  Bangor  No.  3 
hirst  big  bed,  while  the  lower  and  more  southerly  is  the  Norfb  Bangor 
\o.  3 Second  big  bed;  qiiarrymen  do  not  inse  the  terms  “First”  a"iid 
‘Second,”  having  had  little  occasion  to  mention  the  two  separatelv 
The  fiiist  bed  is  iVo  feet  thick,  the  .second  41/-.  feet  thick;  each  has 'a 
prominent  “hard  roll”  (sand.v  ba.se).  The  two  are  sejiarated  by  15 
feet  of  ribboned  slate.  Both  big  beds  are  exposed  at  the  surface' and 
can  be  .seen  in  the  northeast  wall  all  the  way  down  to  the  jiresent  work- 
ing_  level.  They  are  .shown  in  the  sketch.  hTgnre  fil,  which  represents 
a view  of  the  northeast  wall  from  the  surface  on  the  opposite  side;  the 
angle  of  dip  of  the  beds  in  this  sketch  is  slightlv  exag’gerated. 


FiS.  01.  Old 
Xorth  Bangor 


Bangor 
Xo,  :i 


s.vncline,  a.s  .setm  in  the  northeast  wall  of  the 
quarry;  the  dip  is  slightly  increased  through 
foreshortening. 
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PLATE  48. 


A.  l’pi>or  part  of  northeast  wall  of  Xorth  Baiifior  (luarry,  as  seen 
from  middle  of  southwest  side;  the  ti’aee  of  the  Old  liaiiRor  syneline 
is  sng'sested;  the  hij;  bed  to  the  rifi'ht  (south)  of  A is  the  ]Mike  Taylor 

hift  bed. 


15.  Xortheast  side  of  A'orthampton  (iiiai’ry  at  I5an«>'or  as  viewed  across 
the  oi)enin<>-;  typical  heddinfj  sli])  fanlt  in  center,  the  crushed  faidt 
zone  heinj;'  at  A;  closely  spactal  joints  are  seen  to  the  right  (south) 

of  A. 
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The  cleavage  striker  generally  X.8()°E.  and  dips  1()°-2()°S.,  -with  a 
tendency  to  decrease  upward.  Grain  trends  X.dS°AY.  and  is  vertical. 
Jointing  is  of  two  systems;  (1)  strike  X.80°-S.3°E.,  dip  vertical;  (2) 
strike  X.1U°AV.,  dip  4d°XE. 

This  fjnarry  was  open  when  visited  by  Sanders'  in  1874-78.  Since 
then  the  history  has  been  closely  linked  with  that  of  the  Xorth  Bangor 
qnarry  and  with  the  Xorth  Bangor  Xo.  2,  which  lay  l)etween  the  two 
other  openings  but  is  now  hidden  by  waste.  Operations  in  the  X'orth 
Bangor  Xo.  3 have  been  discontinued  several  times.  In  1924  it  was 
reopened.  Products  include  roofing  slate,  structural  and  sanitaiw  ma- 
terial, electrical  slate,  and  slate  for  l)lackboards. 

20.  North  Bangor  No.  1 (North  Bangor)  Quurrg.  The  opening  is 
on  the  ridge  between  the  main  valley  of  Alartins  Creek  and  its  east 
branch.  It  is  400  l)y  250  feet  in  plan  and  330  feet  at  its  greatest  depth. 
From  Bangor  its  dump  is  the  first  to  be  seen  on  this  ridge. 

An  overburden  of  20  feet  of  glacial  clay  and  boulders  occurs  here. 

The  quarry  exposes  a portion  of  the  structure  seen  in  the  Old  Bangor 
and  Xorth  Bangor  X"o.  3 ojienings.  The  beds  at  the  surface  dip  25°S., 
but  65  feet  lower  they  are  vertical  and  185  feet  still  lower  they  dip 
10°X.,  the  average  strike  being  X.29°E.  The  fold  thus  shown  has  an 
axial  plane  striking  about  X.60°E.  and  diiiping  9°S.,  and  is  Avell  seen 
in  the  northeast  side  of  the  hole,  a ])hotograph  of  which  is  giAmn  in 
Plate  48,  A.  In  comparLson  Avith  its  i)osition  in  the  Old  Bangor 
quarry,  the  synclinal  axis  has  an  easterly  bearing,  for  in  the  Old 
Bangor  opening  the  axial  plane  strikes  X.42°E. 

The  beds  exposed  in  this  quarry  are  placed  by  the  quarrymeu  in  the 
Xorth  Bangor  “run.”  They  include  tAVo  big  beds,  one  of  Avhich  is 
unnamed  and  Avhich  it  is  proposed  to  call  the  Xorth  Bangor  big  bed; 
this  is  about  7 feet  thick.  The  other,  the  Alike  Taylor  big  bed  (see 
on  Plate  48, A),  is  about  8 feet  thick.  South  of  and  50  feet  beloAv 
this  in  actual  thickness  of  beds  lies  a smaller  big  bed,  Avith  a heavy 
“hard  roll”,  the  tAvo  together  being  about  4 feet  tbick.  This  latter 
bed  outcrops  at  the  extreme  east  corner  of  the  qnarry  dipinng  south, 
and  appeared  again  in  the  deeper  part  of  the  old  opening,  Avhich  is 
noAV  Avaste-filled,  dipping  north. 

The  cleavage  strikes  N.80°E.  and  dips  generally  9°S.  Grain  trends 
X.54°AA".  and  is  A'ertical.  The  .ioints  observed  are  of  tAvo  systems:  tbe 
strikes  are  X.32°E.  and  X.70°B. ; joints  of  the  former  set  dip  55-8n°E., 
of  the  latter  A’ertieally.  One  joint  strikes  Xbl5°E.,  and  dips  70°!8.  In 
general,  the  joints  stop  at  certain  “sparry  ribbons.”  These  “ribbons” 
are  slickensided,  AA'hich  indicates  that  the  movement  along  them  in  i^art 
relieA-ed  the  pressure  to  AA'liich  these  joints  are  due. 

This  quarry  has  had  a long  and  interesting  history.  It  was  opened 
in  1862  by  John  BroAvn,  Avho  operated  it  until  1883  Avhen  it  changed 
hands;  from  then  until  the  present  it  has  been  in  almost  continuous 
operation. 

Of  special  interest  here  is  the  yield  of  school  slate.  Alost  other  types 
of  slate  products — roofing  slate,  sanitary  and  structural  materials, 
blackboards,  and  electrical  slate — are  obtained  from  this  qnarry.  Hoof- 
ing slate  is  stored  outdoors. 

21.  Bangor  Union  (Quurrg.  This  o])euiug  is  a quarter  of  a mile 


1 Sanders,  R.  H.,  op.  cit.,  p.  U2. 
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nortlieast  of  tlie  ])ost  office  at  Bangor.  It  is  ronglily  rectangular  and 
550  by  400  feet  in  size.  Its  greatest  de])th  now  is  230  feet,  but  it  lias 
been  largely  filled  witb  waste.  Since  1923  operations  have  been  con- 
fined to  the  southwest  of  the  larger  opening.  The  ]n‘operty  line  be- 
tween this  and  the  North  Bangor  quarry  lies  generally  along  the  sharp 
wall  wdiic'h  sejiarates  the  two  main  openings. 

This  quarry  is  in  beds  lying  stratigrapliically  just  below  those  ex- 
j)osed  in  the  North  Bangor  cpiarry  and  slightly  farther  east  along  the 
strike,  so  that  the  beds  and  structure  in  the  Bangor  Ihiion  may  be  said 
to  begin  where  those  of  the  North  Bangor  leave  off.  The  strata  at  the 
surface  dip  20°S.,  with  strike  averaging  N.70°E.;  100  feet  below  the 
surface  they  strike  N.34°E.,  dipping  13°N.  in  the  south  comer  of  the 
quarry.  Tlie  syncline,  resembling  its  appearance  at  the  North  Bangor 
(|uari\y,  is  cut  by  the  somewhat  curved  quarry  wall  in  the  northwest 
edge  of  the  opening.  The  strike  of  the  axis  is  about  N.65°E.  This 
“tight”  fold  with  some  slight  undulations  in  the  axial  plane,  produces, 
when  cut  by  the  southwest  quarry  Avail,  the  aiipearance  of  a wedge 
Avith  a very  sharjily  pointed  apex.  The  slate  in  the  soutlnvest  Avail  of 
the  opening  inclmles  three  big  beds,  AA'liieh,  in  the  ordei'  named  are, 
from  top  to  bottom,  the  Bangor  Union  big  bed,  the  Black  Ribbon  big 
bed  (also  called  the  Balmoral  big  bed)  and  the  Thirteen  big  bed.  The 
same  order,  obviously,  bolds  from  north  to  south  at  the  surface. 

The  cleavage  strike  varies  greatly,  but  is  genei-ally  N.fi()°E.,  Avith 
a soutliAvard  dip  of  less  than  10°.  Grain  trends  N.5()°AV.,  and  is  verti- 
cal. Beneath  the  axial  plane  of  the  fold,  joints  striking  N.50-55°E. 
are  seen  di])]Aing  vertically.  Near  the  axis  joints  striking  N.6()-70°E. 
are  develo])ed,  apparently  of  the  same  system,  also  ATrtieal  and  gen- 
erally tangent  to  the  beds.  These  are  complementary  with  a set  of 
N.65-90°W’.  joints,  Avhieh  branch  off  from  the  northeast  striking  joints. 
A third  set  strikes  N.10-35°AV.,  Avith  vertical  dips;  these  are  small, 
anti  apparenth"  teusional  products  at  right  angles  to  the  line  of  com- 
pression expressed  by  the  N.60°E.  joints.  There  are  thus  three  sys- 
tems, all  vertical  and  striking  respectively;  (1)  N.50-70°E.,  (2) 
N.65-90°W.,  (3)  N.10-35°W.  This  yields  a ])attern  closely  resembling 
that  of  the  Old  Bangor  tiuarry. 

This  quarry  has  been  in  operation  since  about  1870.  The  ])rineipal 
yield  is  roofing  slate,  but  much  milled  slate  is  also  produced. 

33.  Bangor  Washington  (Quarry.  The  opening  is  1200  feet  north- 
east of  the  Bangor  ])ost  office,  on  the  east  side  of  the  State  higliAvay. 
In  1923  it  measured  225  by  400  feet  but  bas  since  been  enlai’ged 
througb  strijiping. 

Tbe  beds  ex])osed  in  the  old  pit  were  mainly  those  on  either  side  of 
the  Gray  bed,  which,  it  is  said,  Avas  to  be  seen  near  the  middle  of  the 
northeast  side  of  the  hole.  The  beds  here  are  on  the  loAver  (i.e.,  origin- 
ally the  north)  limb  of  the  recumbent  syneline  described  in  tbe  Old 
Bangor  quarry.  The  ui)i)er  (or  south)  limb  bas  been  eroded,  leaving 
tbe  beds  practically  vertical  along  the  southeast  Avail  of  the  quarry, 
but  Avitb  a rapidly  declining  dip  to  the  north  as  the  northwest  Avail 
is  a])proached.  The  southeast  Avail  of  the  quarry  is  thus  on  the  axis 
of  tlie  fold  at  the  surface.  In  general,  the  strike  of  the  beds  is  N.50- 
6()°E.  Cleavage  planes  are  not  accessible,  but  appear  to  dip  gently 
south  Avitb  tbe  same  strike  as  the  beds.  Prominent  joints  in  the  south- 
east corner  strike  N.()8°E.  and  dip  45°B. 
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Slate  was  first  ({uarried  here  by  Pliilip  Lahar  in  IShS.  The  ])roi)erty 
was  then  sold  to  Fulmer  and  Wagner,  Avho  worked  the  (luarry  tor  a 
short  time.  With  ]ieriods  ot  idleness  it  was  operated  until  IhOo.  Sinee 
then  it  has  been  shut  down  most  of  the  time. 

For  many  years  rooting  slate  and  school  slate  were  made,  hut  as 
the  school  slate  industry  declined  this  i)ha.se  of  production  was  dis- 
continued. Since  18!)b  only  i-oofing  slate  has  been  ])roduced. 

23.  Xoi'fhaiii})fo)i  This  (inarry  is  well  separated  from  the 

other  opening’s  of  the  Itaugor  (ironp,  being  about  l*/h  ndles  north  ot 
the  Fangor  ])ost  office  and  less  than  a mile  from  Roseto.  it  is  about 
250  feet  scpnire,  and  was  2;h)  feet  dee]i  in  1924. 

The  slate  in  the  northern  corner  is  covered  with  12  feet  of  glacial 
clay  and  boulders. 

in  general  the  (piai’i'y  shows  bedding  standing  almost  vertical  at  the 
surface,  but  decreasing  in  dip  with  increased  depth;  this  decrease  is 
accompanied  by  a reversal,  for  at  the  surface  the  beds,  if  not  upright, 
dip  north,  while  below  they  dip  south.  The  fold  thus  seen  is,  so  far 
as  exposed  in  the  quarry  wall,  very  “open,”  with  but  little  thickening 
along  the  axis.  The  average  bedding  strike  is  X.58°E. 

There  is  much  dis])ute  in  regard  to  the  correlation  of  these  beds. 
Among  the  quarrymen  generally  it  is  believed  that  the  slate  is  of  the 
Diamond  “run”  in  the  Pen  Argyl  beds.  This  belief  I’ests  on  two  ob- 
servations; first,  the  slate  is  “soft”  and  easily  shattered,  resembling 
in  this  res])eet  the  beds  worked  in  the  Diamond  “run”  at  Pen  Argyl  ; 
second,  the  observer,  standing  on  the  dump  between  the  old  Diamond 
and  the  United  States  quarries  at  Pen  Argyl  and  sighting  eastward 
in  line  with  the  compass  direction  of  the  ontcro])  of  the  Diamond 
“run,”  is  looking  in  the  general  direction  of  the  Xhn-thampton  (piarry. 
Against  these  two  lines  of  evidence,  other  facts  may  be  cited.  First, 
it  is  a])parently  true  that  all  slate  so  far  encountered  lying  noi-th  of 
(that  is,  above)  the  beds  o]iened  in  the  Diamond  (piarry  at  Pen  Argyl 
is  “softer”  than  that  lower  down  in  the  sequence;  thus,  the  slate  in 
the  Fidelity  and  West  Bangor  ((uarries  is  of  this  charactei’.  Second, 
there  is  no  actual  correlation,  bed  for  bed,  between  the  se(pience  in 
the  Diamond  “run”  and  that  in  the  Xorthampton  (piarry.  Accurate 
measurements  of  the  sequence  in  the  Doney,  Xew  Diamond,  and  Par- 
sons (piarries,  compared  with  that  in  the  Xhirthampton,  do  not  clearly 
establish  any  correlation.  Third,  there  is  good  evidence,  as  will  be 
seen  from  what  is  said  below,  in  the  descrijition  of  the  Pen  Argyl  (piar- 
ries, that  the  beds  take  a marked  northward  turn  as  they  are  followed 
east  from  Pen  Argyl  ; if  anything,  therefore,  sighting  eastward  along 
the  .strike  of  the  beds  at  Pen  Ai-gyl  is  almost  certain  to  carry  one  into 
lower,  more  southerly  beds. 

IMr.  Spry  of  Bangor,  on  the  other  hand,  assigned  the  beds  of  the 
Xorthampton  quarry  to  the  Acme  “run”  as  exposed  in  the  Acme 
(piarry  at  Alpha,  west  of  Pen  Argyl.  Certainly  as  much  can  be  said 
for  this  correlation  as  for  the  one  more  commonly  held.  The  measure- 
luents,  in  the  0]nnion  of  the  writer,  favor  this  correlation  if  any.  The 
big  bed  exjiosed  near  the  south  edge  of  the  lowest  working  level  in  the 
Rorthamjjton  (piarry  would  corresjxmd  to  the  second  big  bed  from 
the  south  edge  of  the  xVcme  quarry’s  top  jiiece.  If  this  correlation  is 
correct,  the  Xorthanqiton  property  should  contain  the  Albion  beds  and 
a trench  cut  60  feet  at  right  angles  to  the  strike  from  the  northwest 
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edge  of  the  i)resent  hole  should  just  reach  the  Hard  Front  big  bed. 
The  data  so  far  obtained,  however,  do  not  finally  establish  the  corre- 
lation between  the  beds  in  this  and  other  quarries. 

Three  big  beds  are  worked  in  this  quarry.  On  the  upper  level  a 
bed  82  inches  tliick,  yielding  a length  of  86  inches  along  the  cleavage 
and  with  a thickness  of  33  inches  of  “hard  roll,”  is  profitalhy  worked. 
Fartlier  south  and  on  the  lower  level  are  other  hig  beds,  the  northern 
having  a thickness  of  64  inches,  with  a 9 inch  “hard  roll,”  the  second 
with  a 97-inch  thickness  and  a “hard  roll”  of  15  inches.  Of  the  three 
hig  beds  enumerated,  the  northern  (upper)  corresponds  most  nearly 
to  the  Red  bed  of  the  Diamond  “run,”  if  it  is  to  be  at  all  correlated 
with  a bed  of  the  Pen  Argyl  group.  It  bears  a conspicuous  “hard 
roll.”  in  which  the  cross-hedding  has  a marked  west  dip. 

The  jointing  in  this  quarry  follows  two  general  systems,  one  trending 
X.6()°E.,  Avith  dips  of  45-50°N.,  the  other  N.60°\v.,  AAuth  soutlnvard 
dips  of  45°.  The  northeast  joints  are  the  more  conspicuous.  One  of 
the  nortlnvest  joints  bears  lenticular  depressions  similar  to  those  of 
the  Bangor  Central  and  other  quarries.  Minor  joints  that  do  not  fit 
any  of  these  systems  are  also  seen. 

Near  the  middle  of  the  northeast  Avail  of  the  quarry  on  the  loAvest 
level  there  is  a thick  calcareous  and  chloritic  stratum.  This  consists 
in  detail  of  Iavo  calcareous  beds,  each  about  an  inch  Avide,  lieaAuly 
fractured  and  separated  by  a chloritic  layer  Avhich  has  a maximum 
thickness  of  tAvo  inches.  The  chloritic.  hand  narroAvs  here  and  there, 
AA'hereu]mn  the  two  calcareous  beds  come  together,  separating  again  as 
the  chlorite  Avidens. 

In  the  noihheast  Avail  there  is  a bedding  slip  faidt,  similar  to  that 
described  in  the  Ncav  Peerless  (Bangor  vein)  quarry.  In  this  instance 
joints  are  again  develo])ed  along  the  fault  and  the  cleavage  lias  been 
severely  distorted,  making  (piarrying  immediately  along  the  fault  plane 
not  only  profitless  hut  dangerous.  A discussion  of  this  type  of  fault 
has  already  been  gNen  (see  page  166).  Although  the  feature  men- 
tioned adds  expense  to  the  o])erations,  the  slate  30  feet  north  and 
south  of  the  fault  plane  seems  wholly  acce])table  as  structural  ma- 
terial. Tlie  fault  is  illustrated  in  Plate  48,  B. 

The  Northampton  quarry  was  0]iened  in  1885.  AVith  intervals,  op- 
erations have  continued  under  Amrious  managements  until  the  present. 
The  products  are  blackboards,  millstock,  and  roofing  slafe.  All  three 
of  the  hig  beds  ai-e  used  for  l)lackhoards.  Electrical  slate  comes  largely 
fi’om  the  big  beds  and  from  several  small  beds  close  to  the  northernmost 
of  these. 

24.  Shaft  on  Blake’s  Property.  This  is  a small  vertical  shaft  60 
feet  deep  about  half  a mile  Avest  of  the  Bangor  ])ost  office  and  400  feet 
south  of  the  Bangor-Peu  Argyl  higluvay. 

The  beds  found  ai'e  said  to  have  been  about  the  bottom  of  the  Bangor 
“run;”  it  is  said  that  the  9-Foot  hig  bed  could  he  identified.  The 
cleavage  dipped  south  ; blocks  of  the  slate  found  on  the  surface  were 
properly  oriented  (assuming  a grain  strike  of  N.40°W.)  and  the  bed- 
ding strike  Avas  thus  determined  to  be  N.70°E.;  the  exact  inclination 
of  the  bedding  could  not  be  determined,  but  it  is  gently  northward. 
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A.  Folding  and  bedding  slip  i)lane  in  Albion  <iiiairy  as  seen  from  the 
middle  of  the  southwest  sid(>;  the  bedding  slip  plane  is  at  the  north- 
east (left)  edge. 


B.  Northeast  Avail  and  380-foot  level  of  the  Parsons  quarry, — the 
deepest  in  the  United  States;  regular  Joints  are  seen  on  the  nortliAvest 
(left)  wall,  which  is  formed  by  a “loose  ribbon.”  Photograph  by 

Bliss,  Easton,  Pa. 
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WIND  GAP — PEN  ARGYL  GROUP. 

The  quarries  of  the  Wind  Gap  and  Pen  Argyl  group  center  around 
tiiese  two  towns  and  (|uarryinen  .secure  their  supplies  there.  Pen 
Argyl  was,  in  fact,  primarily  dependent  on  the  slate  industry,  although 
shops  of  the  Lehigh  & New  Liigland  Pailroad  at  Alpha  absorb  some 
labor  from  the  town  in  normal  times.  i\Ien  employed  in  a few  of  the 
(piarries  that  lie  nearer  the  outskirts  of  this  natural  grouping  might 
normally  trade  in  Bangor  or  Factoryville. 

Like  the  quarries  of  the  Bangor  group,  the  operations  at  Wind  Gap 
and  Pen  Argyl  are  in  the  soft  belt.  The  upper  part  of  the  upper 
member  of  the  Martimsburg  is  called  the  Pen  Argyl  beds,  from  the  fact 
that  it  is  exposed  in  the  (luarries  in  this  group.  The  minor  subdi- 
visions or  “runs”  are  named  after  the  older  quarries  at  Pen  Argyl, 
hence  such  names  as  Acme,  Phoenix,  Albion,  Diamond,  and  United 
States  “runs.”  The  strip  of  Pen  Argyl  beds,  including  the  runs  men- 
tioned and  others,  is  readily  identilied  at  the  Albion  Bangor  quarry 
and  can  be  traced  eastward,  in  a nearly  straight  line,  with  only  slight 
dexures,  as  far  as  the  Jackson  Bangor  No.  5 ( Valley)  quarry.  Farther 
east  the  correlations  are  either  uncertain  or  the  statements  of  old 
(piarrymen  must  be  accepted,  in  the  absence  of  accessible  quarries  in 
which  the  beds  can  be  measured.  Thus  the  correlation  of  the  beds  in 
the  Northampton,  New  York,  and  Hoboken  quarries,  of  the  Bangor 
group  of  ((uarries,  is  in  doubt,  as  already  indicated. 

Were  the  correlations  merely  a matter  of  sighting  eastward  or  west- 
ward along  the  strike  of  the  “ribbons”  or  beds,  it  would  not  be  diffi- 
cult to  establish  the  exact  stratigraphic  position  of  a quarry  site  in  ad- 
vance of  operations.  But  in  the  quarries  of  this  group  the  effect  of 
topographic  elevation  on  the  outcrop  of  a bed  is  again  a complicating 
factor,  for  the  strata  are  thrown  into  folds  which,  though  open,  never- 
theless attain  dips  as  Ioav  as  3U°  on  the  limbs  (see  Plate  50). 

From  the  Albion  Bangor  eastward  to  the  Tinsman  quarry  it  is  ap- 
j)arent  that  the  surface  structure  on  which  the  greater  part  of  the 
openings  are  located  is  the  south  limb  of  an  overturned  syncline  the 
axial  plane  of  which  dips  south.  From  the  Phoenix  to  the  Acme  and 
Alj)ha  quarries  the  strata  exposed  at  the  surface  dip  north  on  the 
north  limb  of  the  same  syncline.  In  the  Doney,  Diamond,  Albion 
Vein,  Albion,  and  Jackson  Bangor  No.  7,  6 and  5 pits  the  strata  dip 
south  at  the  surface  and  the  structural  position  of  these  openings  is 
thus  similar  to  that  ,iust  mentioned  for  the  Albion  Bangor  quarry.  In 
some  quarries,  such  as  the  Albion  Vein,  several  small  folds  are  encoun- 
tered as  successive  depths  are  attained.  It  is  highly  probable  that 
these  structures  all  pitch  west. 

The  cleavage  commonly  dips  south,  but  rarely  (as  in  the  Albion 
([uarry)  inclines  to  the  north.  It  is  generally  fairly  regular,  although 
in  a few'  jdaces,  near  surfaces  along  wdiicli  movement  has  taken  place, 
cleavage  j)lanes  are  so  badly  warped  as  to  preclude  the  use  of  the 
slate  affected. 

There  is  faulting  of  various  kinds  in  these  openings.  Bedding  slip 
faults,  already  mentioned  as  occurring  in  such  (piarries  of  the  Bangor 
group  as  the  New  Peerless  (juarry,  are  found  at  Pen  Argyl;  further, 
an  unusual  type  of  fault  plane,  striking  northwest,  dipping  northeast, 
and  along  which  dis])lacements  of  as  much  as  125  feet  in  the  direction 
of  movement  are  recorded,  is  not  uncommon. 
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For  the  most  part  joints  in  these  quarries  strike  approximately  paral- 
lel n-itli  the  cleavage,  bnt  no  further  generalizations  can  be  made.  The 
close  resenil)lance  l)etween  joint  systems  in  quarries  that  lie  near  each 
other  is  again  noteAvorthy. 

The  products  of  the  (juarries  of  this  group  are  varied,  and  include 
all  the  articles  commonly  made  from  slate  except  pencils.  Quarries 
opened  in  beds  above  the  Pennsylvania  “run”  or  below  the  Albion 
“run”  generally  find  the  production  of  structural,  electrical,  and 
black])oard  slate  more  profitable,  and  make  roofing  slate  in  smaller 
quantities  only,  if  at  all. 

At  the  time  of  these  studies  seventeen  ([uarries  were  operating  in 
this  group.  Some  are  very  large,  others  of  only  moderate  size.  The 
district  includes  the  Parsons  opening,  the  deepest  slate  quarry  in  the 
United  States. 

1.  Nimgesser  (Quarry.  This  opening  is  on  what  is  known  as  the  old 
Xungesser  in'oi)erty  about  two  miles  S.60°W.  from  the  post  office  at 
AVind  Gap.  The  opening  measures  50  by  70  feet  and  has  a depth  of 
20  feet.  Two  big  beds  and  several  smaller  ones,  all  conspicuously 
sandy,  are  seen.  The  strata  strike  N.53°E.  and  dip  9°S.  at  the  south 
end  of  the  quariy,  but  the  dip  steepens  to  38°  at  the  north.  The  cleav- 
age strikes  N.53°E.  and  dips  more  steeply  than  the  bedding,  so  that 
a southward  overturn  is  actually  suggested. 

This  quarry  was  oiiened  about  -10  years  ago  l)ut  no  slate  has  been 
removed  in  the  last  20  years.  iMillstock  and  roofing  material  were 
the  products. 

2.  Albion  Bangor  Quarry.  This  quarry  is  the  farthest  west  of 
those  operating  in  the  Pen  Argyl  region.  It  is  half  a mile  west  of 
Rismiller  station  on  the  now  al)andoned  Lehigh  New  England  spur 
west  of  Wind  Gap.  The  main  hole  measures  300  by  200  feet;  the 
lowest  level  is  about  180  feet  below  the  surface  of  the  ground. 

There  is  a strikingly  heavy  overburden  of  glacial  material  above  the 
slate,  reaching  a thickness  of  35  feet. 

The  beds  in  the  northern  comer  of  the  opening  strike  N.70°E.  and 
dip  53°S.  at  the  surface,  but  in  the  southeast  part  the  dip  steepens  to 
80°S.  at  a depth  of  30  feet  below  the  surface.  It  follows  that  an  axis 
is  being  ajiproached  southward.  The  dip  of  the  beds  should  thus  de- 
crease as  they  are  traced  downward  from  the  surface  along  the  south 
wall  of  the  quarry.  In  accord  with  this  interpretation  the  dip  in  the 
lowest  level  is  approximately  43°8. 

This  quarry  apparently  exposes  beds  north  of  (i.  e.,  above)  beds  of 
the  New  Diamond  and  Parsons  quarries.  A thick  bed,  probably  the 
e(iuivalent  of  one  of  the  big  beds  of  the  Diamond  “run,”  crops  at  the 
surface  about  ten  feet  north  of  the  southwest  corner.  The  calcarous 
ribbon  occurring  along  the  north  side  of  the  Parsons  quarry,  in  the 
Albion  lUnigor  (piarry  comes  to  the  surface  about  45  feet  north  of  the 
southwest  corner.  About  115  feet  in  actual  thickness  of  beds  are  ex- 
jiosed ; these  are  mainly  strata  not  shown  in  other  operating  quarries. 
There  are  several  big  beds,  of  which  the  most  conspicuous  measures 
five  feet  in  thickness  Avith  an  additional  four-inch  sandy  layer  at  the 
south  (loAver)  end. 

The  cleavage  strikes  about  N.73°E.,  and  dips  18-25°S.,  a rather  high 
angle.  Grain  trends  N.47°AV.  and  is  generally  vertical.  The  joints 
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in  this  quarry  have  a conspicuous  easterly  direction  and  eitlier  parallel 
the  strike  or  form  small  angles  with  it,  dipping  gently  north.  These 
joints,  together  with  the  cleavage  openings,  serve  as  courses  for  water, 
although  some  also  enters  through  the  openings  formed  by  solution 
along  carcarous  beds. 

This  quarry,  also  known  as  the  Blue  Mountain  quarry,  was  opened 
in  1895  and  worked  until  192d.  In  that  year  the  j)roperty  was  offered 
for  sale  and  since  then  its  history  has  not  been  followed.  The  yield 
in  the  past  has  included  electrical,  roofing,  and  structural  slate,  as 
well  as  blackboards.  In  recent  years,  however,  structural  material 
alone  has  been  produced. 

3.  Arvon  Quamj.  This  opening  measuring  about  300  feet  on  each 
side,  is  sei)arated  from  the  Alnon  Bangor  quarry  just  described  by  a 
strip  of  ground  only  30  feet  wide. 

An  overburden  of  glacial  material  similar  to  that  at  the  Albion 
Bangor  covers  the  slate  here.  The  axis  predicted  in  the  south  part  of 
the  Albion  Bangor  opening  actually  becomes  visible  in  the  southwest 
corner  of  the  Arvon  quarry.  Here  the  l)eds  dip  60°X.  (estimated)  25 
feet  below  the  surface  and  di]i  vertically  an  equal  distance  deeiier. 
The  axis  of  the  fold  thus  defined  strikes  northeast  and  dips  south  25°  ; 
along  the  north  edge  of  the  quarry,  however,  the  beds  strike  X.74°E. 
and  dip  55°S.  The  dip  diminishes  progressively  with  depth  on  this 
side  of  the  quarry,  as  might  be  anticipated  from  thinning  of  beds  on 
the  limb  of  the  structure  described. 

The  beds  are  the  same  as  in  the  Albion  Bangor  quarry;  this  is  to 
be  expected,  as  the  Arvon  lies  along  the  strike  from  the  other  opening. 
However,  a portion  of  the  workings  of  the  Arvon  must  be  in  the  same 
beds  as  the  top  “piece”  of  Parsons  quarry  if  the  correlation  advanced 
above  between  the  beds  of  the  Allnon  Bangor  and  Parsons  (piarry  be 
correct.  The  present  opening  of  the  Arvon  thus  ex})oses  a greater 
thickness  than  does  the  Albion  Bangor  quarry.  The  beds  thicken 
notably  as  they  approach  the  .surface. 

Cleavage  is  fairly  uniform.  It  strikes  X.73°E.,  with  average  dips 
of  2I:°S.  Grain  trends  X.38°"\Y.,  and  dips  db-blHW.  The  joints  ob- 
served fall  into  two  systems,  one  striking  X.70°E.,  and  dipping  6-10°S. 
f spoken  of  as  “floors”  by  the  quarrwnen)  and  a second  striking 
roughly  east,  and  di])ping  I5°X.,  but  irregular.  The  feature  called 
“catspaws”  (see  page  46)  by  the  quarrymen  was  observed  in  this 
quarry. 

This  quarry  was  opened  in  1911  but  in  recent  years  0]mration  has 
been  intermittent.  The  products  are  roofing  .slate,  blackboards,  .struc- 
tural material  and  a little  electrical  slate.  There  are  generally  too 
many  “knots”  in  the  slate  to  make  the  production  of  much  electrical 
material  practical. 

4.  Excelsior  Quarry.  This  opening  is  half  a mile  west  of  the  'Wind 
Gap  post  office.  It  is  almost  square,  mea.suring  roughly  200  feet  in 
each  dimension.  The  depth  lielow  water  level  is  not  known. 

The  slate  is  covered  with  two  feet  of  clay  and  boulders. 

The  beds  appear  to  strike  variously, — approximately  X. 45-65° E. 
though  the.se  bearings  are  e.stimates  only.  Tlie  dll')  averages  57 °X. 
The  structure  thus  represents  a continuation  of  that  in  the  Arvon 
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quarry  in  tlie  east  wail.  With  depth  tlie  beds  will  approach  a vertical 
dijL  and  then  g-radnally  reverse  until  they  incline  southward. 

The  most  reasonable  interpretation  of  the  structure  between  this 
opening-  and  the  Tinsnian  quarry,  in  which  the  Gray  bed  of  the  Albion 
“run”  is  seen,  leads  to  the  conclusion  that  the  operations  in  the  Ex- 
celsior were  yielding  slate  from  the  Diamond  “run.”  This  interpre- 
tation is  in  accord  with  the  commonly  expressed  views  of  qnarrymen. 
The  cleavage  strikes  N.62°E.  with  dii)s  of  ■10°S.  The  grain  trends 
X.d5°W.,  and  stands  vertical. 

This  (piarry  was  first  operated  from  1900  until  1920,  when  it  was 
shut  down.  Operations  were  resumed  in  1927.  The  products  in- 
clude some  roofing  slate,  as  well  as  blackboard  and  structural  material. 

5.  Pelican  Quarry.  This  quarry  is  about  half  a mile  east  of  Ris- 
miller,  on  the  south  side  of  the  main  highway  between  Rismiller  and 
Wind  Gap.  It  measures  roughly  150  by  300  feet  and  is  at  least  60 
feet  deep  to  water  level. 

The  beds  opened  are  said  to  have  been  the  Acme  “run”  near  the 
surface,  but  probably,  as  in  the  case  of  the  Tinsman  (piarry,  the  Albion 
“run”  appeared  below  the  present  water  level.  The  strike  and  dip 
of  the  strata  are  N.80°E.  and  39^S.,  but  toAvard  the  south  there  is  a 
steepening  to  a dip  of  ■42°S.  Cleavage  strikes  due  east  and  dips  28°S. 
Grain  trends  N.40°W.  and  dips  28°81.  Several  N.50-55°E.  joints  dip 
75°N.  at  the  surface  hut  become  more  vertical  with  depth.  Judging 
by  the  material  on  the  dump,  the  products  were  mill  stock  and  roofing 
slate. 

6.  Tinsman  Quarry.  This  quarry  lies  about  600  feet  east  of  that 
just  described  and  on  the  north  side  of  the  higliAvay.  It  is  a nearly 
square  opening,  300  feet  on  each  side,  Avith  a dei)th  of  215  feet. 

The  glacial  oATrhurden  attains  a maximum  thickness  of  about  15 
feet.  The  quarry  is  opened  in  the  Acme  “run,”  but  at  a depth  of 
about  50  feet  on  the  north  AA'all  the  Gray  bed  of  the  Albion  “run” 
ajApears.  The  loAvest  Avorkings  in  1927  Avere  aatU  above  (stratigraphi- 
cally)  the  Gray  bed. 

The  structure  in  AAdiich  the  opening  is  made  is  the  loAver  limb  of  a 
nortliAA'ard  oA-erturned  anticline  haA-ing  an  almost  horizontal  axis.  The 
beds  at  the  surface  strike  N.75°E.,  and  dip  37°8.,  AA-hile  in  the  bottom 
of  the  fpiarry  the  sti’ike  is  N.73°E.,  and  the  dip  32°8.,  a decrease  in 
dip  Avith  depth,  Avhereas  the  cleaAmge  dips  more  gently  than  the  beds. 
This  structure  is  complicated  by  transverse  folding,  hoAAeATr,  for  both 
at  the  surface  and  in  the  loAvest  part  of  the  hole,  the  beds  along  the  east 
Avail  strike  N.73-75°E.,  AAdiereas  on  the  Avest  side  they  strike  N.88-75°W. 
As  the  strikes  of  both  beds  and  cleavage  take  this  turn,  there  is  a sug- 
gestion that  the  transA'erse  folding  Avas  accomiAlished  in  ])art  later  than 
the  dcATlopment  of  the  slaty  cleavage,  ]iossibly  by  much  movement 
along  the  open  bedding  ]ilanes.  Cleavage  dips  20°  south.  The  grain 
trends  N.50°AV.,  and  diiis  uniformly  about  70°E.  The  joints  do  not 
Avell  fall  into  any  single  system,  but  possess  rather  a radial  pattern, 
such  as  might  be  expected  if  the  tran.sverse  folding  mentioned  had  been 
induced  more  recently  than  the  cleaAUige ; see  Figure  17  B. 

This  (ptarry,  also  called  the  Penn-Bangor,  Avas  first  opened  in  1901, 
and,  Avith  occasional  interruptions,  was  still  operating  in  1927.  The 
production  included  roofing,  blackboard,  structural  and  electrical  slate. 
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7.  Allen  (Junrnj.  This  openin'^  is  3,UUU  feet  almost  due  south  of  tlie 
Wind  Gap  i^ost  office  and  8UU  feet  east  of  tlie  Nazaretli-Wind  Gap 
highway.  It  is  about  60  feet  square. 

The  beds  are  rei)uted  to  be  in  the  Grand  Central  “run.”  Tliey 
strike  X.65°K.  and  dip  85°S.,  but  the  dip  flattens  downward,  tliminish- 
ing  to  60°  in  a vertical  distance  of  only  four  feet.  This  suggests 
that  the  exposure  is  on  the  south  limb  of  a northward  overturned  .syn- 
cline. The  cleavage  strikes  X.80°E.,  and  dips  20°S.  The  grain  trends 
X’.37°W.,  with  an  eastward  inclination  of  80°. 

The  quarry  was  last  worked  about  1012.  It  yielded  good  roofing 
slate,  though  no  big  beds  were  found. 

8.  Kinney  (Quarry.  This  small  opening  lies  about  1200  feet  .S.80°E. 
from  the  AVoodley  House  in  Wind  Ga}).  It  is  approximately  80  feet 
square  and  35  feet  deep. 

Mr.  Kinney  of  AVind  Gap,  the  present  owner  of  the  property,  who 
opened  the  quarry,  says  the  beds  exj)osed  were  supposed  to  be  in  the 
X'orth  Bangor  Xo.  3 “run.’'  Two  big  beds  Avere  encounteianl,  of 
which  each  Avas  12  to  13  feet  “long.’’  measured  along  the  cleavage 
plane,  the  tAvo  being  separated  by  18  to  20  feet  of  thin  beds, — a se- 
quence corresponding  moderately  closely  Avith  that  of  the  Xorth  Ban- 
gor X'o.  3 beds  as  measured  at  Bangor.  The  beds  strike  X.T0°E.  at  the 
.surface  and  dip  -f3°S.  The  cleavage  strike  is  X.73°E.,  and  the  dip 
is  18°S. ; the  structure  thus  appears  to  be  on  the  south  limb  of  a syu- 
cline  Avith  soutliAvard  dipping  axial  ])lane. 

This  quarry  was  opened  about  1907  and  only  rooting  slate  Avas 
produced. 

9.  Phoenix  Quavny.  This  quarry  is  at  AA'ind  Gap  about  1,200  feet 
east  of  the  higliAvay  and  half  a mile  south  of  Alpha.  It  is  350  by  200 
feet  in  size.  The  loAvest  leA-el  had  a de])th  of  260  feet  in  1927  and  there 
are  seA'eral  sub-ieAmls  on  its  Avest  side. 

Cutting  through  a shalloAV  overburden  of  Aveathered  slate  and  till, 
this  quarry  is  opened  in  beds  that  lie  south  of  (i.  e.,  under)  1he  Acme 
“run.”  At  least  three  big  beds  are  found,  each  over  -1  feet  thick. 

At  the  surface  the  beds  strike  X".78°E.;  they  dip  vertically  along  the 
south  side  of  the  (piarry,  68°XAV.  along  the  north  edge.  Downward 
they  decrease  in  dip  to  38°  but  retain  their  nortlnvard  inclination. 
The  structure  is  that  of  the  north  limb  of  a syncline,  the  axial  ])lane 
of  AA’hich  emerges  near  the  south  edge  of  the  opening  and  dips  south 
at  an  angle  estimated  to  be  15°.  Cleavage  strikes  are  alimjst  uni- 
formly X.70-72°E.  The  grain  trends  X".57°AV.  and  is  vei-tical.  The 
predominance  of  X.60-80°E.  joints  having  steep  dips  is  very  con- 
spicuous. 

The  quarry  is  operated  by  the  Phoenix  Slate  Co.,  of  AViud  Gap  and 
Avas  opened  about  1890.  Alany  small  ojAcratoi-s  Avorked  the  ])r()|)erty  iii 
turn,  but  in  1907  it  ])assed  into  the  hands  of  the  present  owners.  The 
product  consists  almost  Avholly  of  milled  material,  including  especially 
large  quantities  of  billiard  table  tops. 

10.  Heller  Quarry.  A small  ]nt  lies  700  feet  north  of  the  Phoenix 
quarry,  across  the  road  from  the  latter.  It  is  about  70  feet  S(juai-e  and 
50  feet  deep. 

Several  slate  men  assert  that  the  opening  exposes  part  of  the  Albion 
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beds,  as  might  be  expected ; hlr.  Spry  of  Bangor  says  it  yielded  tlie 
Front  big  bed.  The  strata  strike  N.78°E.,  and  dip  75°NW.  at  the 
water  level.  At  tlie  very  snrface  they  appear  to  stand  vertical,  as 
though  the  axial  plane  of  the  fold  seen  in  the  Phoenix  quarry  were 
almost  horizontal. 

This  quarry,  truly  little  more  than  a prospect,  produced  a small 
quantity  of  roofing  slate. 

11.  Imperial  Quarry.  This  large  quariy  is  half  a mile  east  of 
Wind  Gap  and  20U0  feet  south  of  Alpha.  It  measures  400  feet  in  each 
direction.  In  3927  it  Avas  being  reopened  over  a larger  area.  The 
de]hh  is  uncertain. 

The  beds  Avorked  ai'e  like  those  in  the  Phoenix  quarry,  as  the  tAvo 
<iuarries  lie  along  the  same  line  of  strike;  the  same  three  big  beds  are 
Avorked.  In  the  Imperial  quarry  they  strike  N.70°E.,  and  dip  45°SE. 
in  the  northeast  corner,  but  the  turn  in  diji  is  apparently  so  sharp 
that  in  the  nortlnvest  corner  the  dip  is  to  the  nortlnvest.  At  the  south 
corner  the  beds  are  ATrtical  and  40  feet  Ioaati*  they  dip  60°N.  The 
syncline  thus  shoAvn  tits  in  with  the  sti’ncture  seen  in  the  Phoenix 
cpiarry,  AA’here  the  surface  of  the  ground  does  not  quite  rise  to  the  level 
of  the  axial  plane.  In  the  northeast  corner  of  the  quarry  the  cleavage 
strikes  ])arallel  Avith  the  beds  and  dips  20°S.  Grain  trends  N.57°AA^. 

From  1905  to  1911  this  quanw  Avas  actively  operated.  Thereafter 
it  remained  idle  until  1926  Avhen  ojmrations  Avere  resumed  Avith  strijn 
l)ing  along  the  east  side.  The  main  in-oduction  consists  of  structural 
slate,  blackboards,  electrical,  and  roofing  slate. 

12.  Acme  Quarry.  This  is  the  more  southerly  of  the  two  quarries 
located  aliout  1,250  feet  due  southeast  of  the  Alpha  station.  It  is 
an  elongated  rhomboid  in  ground  plan,  dimensions  being  about  400 
by  200  feet.  The  bottom  of  the  loAvest  level  has  a depth  of  105  feet. 

In  the  Acme  quarry  the  beds  Avorked  constitute  the  Acme  “run” 
and  corresiAond  in  ]iart  to  those  of  the  upjAer  part  of  the  Tinsman 
(piarry.  They  are  softer  than  many  of  the  other  beds  of  the  Albion 
quarries.  ToaauuxI  the  southern  edge  of  this  sequence  are  tAvo  ex- 
ce])tionally  Ihg  beds,  the  more  southerly  of  Avhich  is  used  for  black- 
l)oards  and  electrical  slate,  Avhile  that  to  the  north  makes  excellent 
blacklmards  and  structural  material. 

At  the  surface  the  beds  dip  85°S.,  and  strike  N.70°E.,  but  as  they 
are  folloAved  nortliAvard  the  dip  becomes  80°NAA^.  In  the  upper  level 
a change  to  the  same  effect  is  observed;  the  beds  at  the  southern  edge 
•of  the  level  di])  85°N.,  although  those  in  the  northern  part  dip  only 
46°N.  It  is  clear  from  these  observations  that  the  quarry  is  on  the 
up]Aer  (south)  limb  of  a nortliAvard  overturned  syncline,  continuous 
Avith  the  structure  described  in  tlie  Phoenix  quarry.  Cleavage  varies, 
but  generally  strikes  north  of  east  and  dips  15-30°E.  Grain  trends 
N.30-45°AAh,  dipping  N.80°. 

In  about  the  middle  of  the  up]ier  (Avorking)  level  a small  fault 
striking  N.60°AV.  and  dipping  35°S.  is  seen.  The  displacement  of 
this  fault  noAvhere  exceeds  3 inches,  and  it  Avould  scarcely  be  notice- 
able, did  it  not  cut  a “loose  ribbon”  or  calcarcons  bed.  When  the 
slate  is  strip]ied  from  this,  it  is  seen  to  jiroject  northAvard  above  the 
fault  plane.  The  fault  trace  can  lie  seen  on  the  Avail  overhanging  the 
loAver  levTl  on  its  east  side,  but  the  displacement  rapidly  declines  so 
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that  the  fault  is  tiiially  lost  to  view.  A feature  in  the  jointing'  in  this 
quarry  is  the  large  uninbei'  of  joints  striking  noi'1  Invest. 

The  Alpha  and  Aenie  quarries  were  both  opened  prior  to  1885 ; 
quarrying  wa.s  temporarily'  discontinued  in  that  year,  t^nai-rying  was 
actively  resumed  in  1917  and  continued  to  the  ])resent.  The  pi'odnets 
are  .structural  slate,  l)laekboards,  roofing  material,  and  especially  elec- 
trical slate. 

13.  Alpha  Quarrii.  This  L-shaj)ed  (juarry  lies  due  north  within 
200  feet  of  the  northwesterly  edge  of  the  Acme  quarry.  It  measui'es 
about  200  feet  in  both  directions. 

t)])erations  uncovered  the  Albion  “run,”  of  which  the  (li'ay  bed  ap- 
pears near  the  middle  of  the  southwest  side,  where  a shoulder  of  the 
wall  projects  into  the  (piarry;  even  the  Hard  Front  big  bed  was  found. 
The  beds  exposed  strike  X.58°E.  and  dip  XW.65°  ; the  dip  decreasing 
with  depth.  The  cleavage  attitude  resembles  that  of  the  Acme. 

The  Ali)ha  quarry  was  worked  before  1885.  It  has  been  abandoned 
for  several  years,  but  in  1926  it  had  been  drained  and  was  ])i'()dtieing 
slate. 

14.  This  is  a very  small  trench  showing  only  a thin  glacial  over- 
burden and  a few  slate  chips.  Xothing  is  known  as  to  the  rock  undei'- 
ground  at  this  locality. 

15.  xVbout  600  feet  east  of  the  Acme  (juarry  and  sejjarated  from  it 
by  a patch  of  woods  is  a small,  almost  rectangidar  opeidng,  measuring 
about  100  by  200  feet.  The  maximum  depth  is  70  feet. 

This  o])ening  shows  about  5 feet  of  overburden  along  the  north  side; 
it  consists  of  clay,  slate  chijis,  and  occasional  boulders.  The  beds  ex- 
posed at  the  .surface  are  in  the  lower  jiart  of  the  All)ion  “run.” 
Though  poorly  .shown,  they  strike  X.60-65°B,,  and  diji  75°XW.  The 
eleavag'e  could  not  be  measured  but  dips  gently  south.  Grain  trends 
X.40°W.  and  is  vertical. 

This  quarry  was  opened  in  1913  and  oi)erated  for  three  years,  then 
abandoned. 

16.  Albion  Superior  Quarry.  This  opening  is  2000  feet  east  of 
Alpha.  It  is  a nearly  rectangular  hole,  about  200  feet  by  350  feet  in 
area  and  filled  with  water.  The  de|)th  is  reputed  to  b('  125  feet. 

The  overburden  attains  a maximum  thickness  of  15  feet.  Beneath 
it  a small  amonnt  of  slate  is  exjxjsed.  Though  no  beds  are  recognizable 
with  certainty,  it  is  believed  that  this  0])ening  should  show  the  Albion 
“run”  from  end  to  end  at  the  surface  and  perhaps  even  extend  a 
short  distance  into  higher  l)eds;  this  hypothesis  is  in  agreemeid  with 
the  opinions  of  the  quarrymen.  In  the  one  exposure  where  observable, 
the  -strike  and  dip  were  X.61°E.,  76°X'\V.  Cleavage  and  grain  were 
not  measured. 

Quarrying  was  begun  here  in  1912  and  ceased  in  1917.  In  1921  re- 
opening was  contemplated  by  a j)rodueer. 

17.  Stoddard  (Quarry.  This  opeidng  is  half  a mile  ea.st  of  Alpha 
and  400  feet  ea.st  of  the  Albion  Sujierior.  It  is  about  300  by  200  feet 
in  ])lan  and  filled  wifh  wafer. 

The  14-foot  overburden  is  the  conspicuous  feature  at  this  (juarry. 
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Taken  in  conjunction  with  a similar  eastward  tliickening  of  overburden 
in  the  Albion  »Su])erior  opening,  Ibis  suggests  a pre-glacial  stream  val- 
ley not  far  east  of  the  Stoddard  (juarry. 

On  the  northeast  side  of  the  quarry  a small  exposure  of  slate  shows 
a bed  about  9 feet  “long"’  measured  along  the  cleavage,  with  thinner 
beds  on  either  side.  This  may  well  be  the  outcrop  of  the  Genuine  big 
bed  of  the  Albion  “run,”  vvliieh  should  be  exposed  here.  The  strati- 
fication strikes  N.51°E.,  and  dips  85°>S.  The  cleavage  dips  gently 
south.  The  grain  trends  N.T4°W.,  dipping  60°W. 

The  opening  was  made  in  1917,  but  little  wms  removed  except  the 
glacial  cover.  On  the  Avhole,  this  should  represent  a favorable  loca- 
tion for  0])erating,  exce])t  in  that,  as  dejdh  is  reached,  the  beds  will 
probably  dip  more  gently,  “rnnning  fast  toward  the  mountain,”  as 
the  quarrynien  put  it. 

East  of  this  opening  about  300  feet  lies  a small  quarry  not  examined. 
It  was  described  by  a competent  operator  as  having  entered  the 
Albion  “run.” 

18.  Dick  Quarry.  This  small  opening  lies  1,200  feet  N.70°E.  from 
the  Grand  Central  quarry,  hidden  in  woods  west  of  the  Delaware, 
Lackawanna  & Western  Railroad.  It  measures  50  feet  square  and  is 
probably  not  over  35  feet  deep,  but  now  tilled  with  water. 

Only  a small  area  of  slate,  witli  poorly  defined  liedding,  shows  above 
the  water.  The  strike  is  N.50°E.,  and  the  dip  about  8°SE.  The 
.slate  exposed  was  apparently  in  the  upper  i)art  of  the  Bangor  beds. 

This  prospect  was  dug  in  1900. 

19.  Martin  and  Harding  Quarry.  Abont  500  feet  east  of  the  Grand 
Central  quarry  is  an  elongated  ojiening  measuring  250  by  100  feet. 
Its  dejith  to  water  is  20  feet,  but  the  depth  below  water  level  must  have 
been  100  feet. 

The  beds  exposed  are  said  to  be  jiart  of  the  Old  Bangor  “run.” 
They  are  thin,  but  cleavage  is  well  developed.  At  the  southern  end 
they  strike  N.50°E.  and  dip  62°SE.  whereas  at  the  north  end,  the 
dip  is  15°8.  The  quarry  is  '^hus  on  the  north  limb  of  an  anticline, 
file  axial  plane  of  which  dips  south.  The  cleavage  strikes  N.80°E.,  and 
dips  20°S.  The  grain  is  jiarallel  with  the  sides  of  the  quarry,  trend- 
ing N.40°W.,  and  stands  vertical. 

This  quarry  was  opened  in  1910  and  abandoned  in  1912  because  of 
the  reduced  “length”  of  the  beds,  the  cleavage  and  bedding  planes 
intersecting  at  a high  angle,  and  the  beds  probably  being  thinned  con- 
siderably by  tight  folding.  The  product  was  mainly  rooting  slate. 

20.  Doney’s  Old  Quarry.  This  small  opening  lies  200  feet  south 
of  the  last.  Its  maximum  depth  is  probably  75  feet,  but  Avater  conceals 
the  bottom. 

It  is  said  that  the  9-foot  big  bed  of  the  Old  Bangor  “run”  Avas 
quarried  here.  One  bed  near  the  south  end  is  3.5  feet  thick.  The 
strike  is  about  N.60°E.,  and  the  dip  approximately  60°S.  The  quarry 
is  thus  on  the  same  structure  as  described  for  the  Martin  and  Harding 
([uarry.  The  cleavage  strikes  N.60°E.,  and  dips  about  10°S.  Grain 
ti-ends  N.40°W. 

Some  good  block's  of  slate  are  on  the  dump.  The  beds  seem  to  be 
thin,  hoAvever. 
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Quarrying  was  l)egun  here  in  1908  and  (uuled  in  1910.  The  product 
was  chiedy  roofing  slate. 

21.  Grand  Central  Qnarrt/.  Tins  large  opening  lies  along  the  Dela- 
ware, Lackawanna  & Western  Kailroad,  about  three  miles  south  of  the 
station  at  Pen  Argyl,  in  the  valley  of  Little  Dushkill  Creek.  The  main 
part  of  the  opening  is  rectangular,  measuring  about  1150  feet  scpiare, 
with  minor  irregularities. 

The  maximum  depth  attained  in  quarrying  is  175  feet. 

As  the  slate  is  now  nowhere  accessil;)le  to  detailed  measurements,  the 
statements  of  the  quarrymen  regarding  the  beds  worked  were  accepted. 
Air.  AL  J.  Spry  of  Bangor  reports  that  the  small  northward  projection 
from  the  main  quarry  entered  the  Old  Bangor  “ruin’  anti  that  the 
main  opening  is  in  the  Grand  Central  “run,”  in  which  are  two  big 
beds,  the  upper  1 and  the  lower  8 feet  thick,  separated  by  a thickness 
of  25  feet  of  smaller  beds. 

At  the  surface  in  the  east  corner  the  beds  strike  X.75°E.  and  dip 
25°N.  The  dip  is  said  to  have  changed  sharply,  however : at  a depth 
of  150  feet  or  so  the  dip  is  south ; immediately  lower  down  the  direc- 
tion of  dip  was  once  more  reversed  and  the  strata  inclined  to  the  north. 
This  sharp  double  reversal  in  dip  was  accompanied  by  the  opening 
of  cracks  and  clefts  and  by  the  development  of  irregular  cleavage.  The 
openings  formed  were  heavily  filled  with  quartz  and  caleite,  veiy  dele- 
terious to  the  slate.  AVhen  this  structure  is  compared  with  that  in  the 
Alartin  and  Harding  and  Doney’s  Old  quarries  to  the  west,  it  is  seen 
that  the  latter  must  be  on  the  upper  limb  of  a nortlnvard  overturned 
syncline  with  almost  horizontal  axial  plane ; the  loAver  limb  of  this 
structure  is  represented  by  the  north  dipping  beds  at  the  surface  in 
the  Grand  Central  quarry.  The  latter,  Ijeing  topograi)hically  lower, 
represents  a stratigraphically  somewhat  lower  liorizon.  These  relations 
are  shown  in  Figure  62. 

The  cleavage  strikes  X.60°E.,  and  dips  25°S.  The  grain,  which 
parallels  the  southwest  edge  of  the  quarry,  strikes  X.T3°W. 

This  quarry  was  opened  bj"  R.  AI.  Jones,  the  “founder  of  Bangor,” 
about  1880.  After  many  interruptions,  iisually  accompanied  by  change 
of  ownership,  work  was  stopped  about  1916.  The  production  was  roof- 
ing slate  and  mill-stock.  In  the  ui)per  part  of  the  quarry,  above  the 
point  at  which  the  strata  turn  and  dip  south,  good  blackboard  slate 
was  obtained.  For  a time  slate  was  also  cut  into  tiles  to  l)e  attached 
to  tar  paper  in  the  product  called  “inlaid  slate.” 

22.  Small  Grand  Central  Quarry.  This  small  opening,  measuring 
30  by  70  feet,  lies  about  300  feet  due  southeast  of  the  large  Grand 
Central  quarry.  It  is  a shallow  hole  containing  much  waste. 

The  strata  here  are  in  the  lower  part  of  the  Grand  Central  “run” 
but  no  beds  could  l)e  definitely  correlated  with  the  known  sequence. 
They  are  probably  continuous  with  those  in  the  northeast  wall  of  the 
Grand  Central.  One  consi)icuous  bed  has  a thickness  of  2.5  feet.  The 
strike  in  this  opening  is  X.85°AV.,  and  the  dip  is  11°XE.  Cleavage 
strikes  X.85°E.  and  clips  32°SE. 

This  small  hole  was  worked  in  1905.  It  is  a ]iart  of  the  same  prop- 
erty as  the  larger  Bangor  Central  quarry. 

23.  A small  prospect  hole,  of  irregular  shape,  lies  in  a field  south 
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of  the  road,  1,600  feet  S.65°E.  from  the  Grand  Central  quarry.  It 
is  50  feet  on  the  side  and  10  feet  deep. 

The  slate  a])pears  to  be  of  fair  quality,  bnt  no  thick  beds  are  seen. 
The  strike  is  N.60°E.,  and  the  dip  10°NW. ; the  cleavage  dips  12°SE., 
and  strikes  parallel  with  the  beds.  This  is  merely  a iirospect. 
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Fi".  62.  A.  lilock  diagram  to  show  relations  of  <iuarries  at  Grand 
Central;  view  westward  from  the  Grand  Central  tinarry;  B.  Projec- 
tion of  Boney’s  Old  quarry  ni)on  plane  of  grain  in  Grand  Central 
qnarr.v,  to  show  ti'iie  structure. 

24:.  Doney  Quarry.  Abont  100  feet  south  of  the  highwaj^  between 
Wind  Gaj)  and  Pen  Argyl,  and  three-cpiarters  of  a mile  east  of  Alpha 
is  the  Doney  (piarry,  an  opening  300  by  125  feet  in  size  and  150  feet 
deep. 

The  qnany  is  opened  in  the  lower  part  of  the  Albion  “run,”  the 
Gray  bed  appearing  on  the  lowest  working  level  and  just  'within  the 
northwest  (juarry  wall  at  the  surface. 

On  to]-)  the  beds  strike  N.68°E.,  and  dip  71°S.,  but  the  dip  decreases 
southward,  for  it  is  71°  on  the  north  and  68°  on  the  south  edge  of  the 
ojxming.  As  dejhh  is  gained  the  di])  increases  to  75°  on  the  upper 
level  and  even  81  °S.  on  the  lower  level.  The  structure  is  thus  the 
upper  (southern)  limb  of  a syncline  with  axial  plane  dipping  south. 
Structurally  this  is  in  harmony  Avith  the  New  Diamond,  Parsons,  and 
Albion  Vein  quarries. 
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The  cleavao’e  strikes  N.75-S5°E.,  and  dips  ir)-18°S.  Grain  trends 
N.50°W.,  and  dips  vertieally.  Three  definite  systems  of  joint iny  are 
recognizable.  Gne  strikes  X.5.3-6()°AV..  and  dips  these  joints 

commonly  stop  at  “loose  ribbons.  ’ A second  set  strikes  X.8(t°\\., 
with  higldy  varied  dii)S.  A third  set  strikes  X.r),')°E..  with  dijis  rang- 
ing from  8()°S.  to  80°X.  Xot  uncommonly  these  joints  unite  by  an 
increase  in  diji  of  the  lower  joint. 

This  ([uarry  was  ojiened  in  1919.  Gperations  are  i)rogre.ssing  under 
a long-time  lease  and  have  been  continuous  to  I'cceut  date.  The  prod- 
ucts are  blackboards,  electrical  slate,  structural  slate,  and  roobng  slate. 

25.  Neu'  Diamond  (Jaarri/.  This  o])ening  lies  about  one  thousand 
feet  northeast  of  the  Doney  (juarry.  It  is  125  feet  wide  and  450  feet 
long.  Its  greatest  depth,  attained  in  the  western  part,  is  flooded,  the 
water  standing  at  least  200  feet  below  the  surface. 

The  beds  exposed  are  a part  of  the  Diamond  “run.”  They  cover 
most  of  the  sequence  from  the  lowest  beds  seen  in  the  south  wall  of 
the  Xew  Diamond  (piariy.  On  the  lowest  level  two  thick  beds,  the 
Genuine  big  bed  of  the  Diamond  “run”  and  the  lied  bed,  measure 
respectively  78  and  109  inches  along  the  cleavage.  At  the  northern 
edge  of  the  stripped  surface  is  another  thick  bed.  It  is  said  that  these 
beds  are  more  “tender”  or  brittle  than  those  of  the  Albion  “run” 
and  hence  slightly  more  difficult  to  (juarry.  They  are  also  generally 
somewhat  coarser  and  less  uniform  in  the  size  of  the  grains  as  seen 
under  the  microscope. 

At  the  surface  the  beds  strike  X'.61°E.  and  diji  63°8.,  the  dip  in- 
crea.sing  slightly  to  the  north.  The  dij)  also  stee])ens  downward,  being 
63°,  65°,  and  70°  respectively  at  depths  of  15,  50,  and  90  feet  below 
the  surface.  It  is  apparent  that  this  quarry  is  located  on  the  same 
structure  as  the  Doney  (piarry,  the  soutli  limb  of  a .syncline,  the  axial 
plane  of  which  dij)s  south. 

The  cleavage  strikes  apiu-oximately  parallel  with  the  beds  and  dips 
12-18°S.  The  grain  trends  X'.50-58°AV.,  and  is  vertical  or  dips  steeply 
east.  Although  uot  as  clearly  falling  into  systems,  there  is  yet  a strong 
suggestion  of  the  heavy  development  of  northwest-striking  joints  sim- 
ilar to  those  in  the  Doney  (juarry  (see  above).  The  tendency  of 
joints  to  merge  with  each  other  and  with  “loose  ribbons”  is  a conspic- 
uous feature  in  this  quarry.  Thus,  a calcareous  “ribbon,”  bordered 
by  an  open  crevice  and  highly  striated,  is  seen  aland  midway  on  the 
floor  of  the  lowest  working  level  and  agaimst  it  many  joints  stop 
abruptly. 

This  quarry  was  worked  from  1885  until  1900,  then  lay  idle  for  ten 
years.  Since  1910  it  has  been  in  continuous  operation.  The  jiroducts 
are  blackboards,  electrical  .slate,  aud  structural  material.  Hoofing 
.slate  is  not  made. 

26.  Parsons  Quarr]).  The  Parsons  quarry  is  about  a quarter  of  a 
mile  south  of  the  Delaware,  Lackawanna  & AVesteim  11.  R.  station  at 
Pen  Argyl.  It  is  a]q)roximately  reetangnlar  in  ground  plan,  measur- 
ing about  350  by  175  feet.  AVork  is  conducted  on  sevei'al  levels,  the 
lowe.st  of  which  was  725  feet  below  the  surface  in  1931 — probably  the 
deepest  quari'y  in  the  Pnited  States  (see  Plate  49,  P.) 

The  “back”  of  the  quarry  lies  along  a “loose  ribbon.”  The  beds 
exposed  between  this  and  the  “front”  of  the  (jnarry  consist  of  some 
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of  those  seen  in  the  New  Diamond  quarry  and  of  other  beds  lying 
liiglier  in  tlie  sequence  and  reputed  to  have  been  found  in  the  old 
Diamond  quarry. 

At  the  surface  the  strike  of  l)edding  is  N.57-61°E.,  and  the  dip 
about  63°S.  Lower,  on  tlie  38()-foot  “piece,”  the  beds  dip  as  much  as 
87°S!.  At  the  greatest  depth  the  dip  is  reversed  and  the  beds  incline 
northward  57°.  The  structure  is  thus  the  same  as  that  of  the  New 
Diamond  quarry,  but  the  greater  depth  has  carried  the  work  below  the 
synclinal  axis.  In  the  ujiper  level  the  Red  bed,  the  Genuine  big  bed 
(Diamond  “run”),  and  the  Johnny  Knack  bed  are  especially  thick 
and  valuable. 

The  cleavage  varies  somewhat  in  strike,  readings  having  been  ob- 
tained between  the  limits  N.71°E.  and  N.8I:°"\V. ; the  dips  are  low,  aver- 
aging 10  to  12°S.  Grain  trends  N.J:5-5()°W.,  and  is  vertical  or  in- 
clines steeply  eastward. 

Jointing  was  studied  with  care  wherever  accessible.  At  the  surface 
a long,  conspicuous  joint  is  seen  in  the  northwest  wall.  Below  this  a 
series  of  joints,  striking  northeast  and  apparently  dipping  about  60°S., 
begins  and  continues  dowmvard.  Above  the  one  conspicuous  joint 
mentioned  is  another  system  dipping  northwest.  The  deeper  parts 
of  the  (piarry  showed  almost  no  jointing,  but  the  highest  working  level 
exhibits  two  systems,  one  suggesting  in  its  strike  the  N.75°W.  joints 
of  the  Doney  quarry,  the  other  trending  approximatelj^  N.50°E. 

The  quarry  Avas  opened  in  1892  and  lias  been  operated  continuously. 

The  ])roducts  of  the  Parsons  Brothers  Slate  Company  include  roofing 
slate,  structural  material,  electrical  slate,  grave  vaults,  blackboards, 
slate  granules,  and  slate  powder. 

Tile  conqiany  ojicrates  a slate  pulverizing  and  grinding  mill,  de- 
scribed by  Bowles.^ 

27.  AJh'ion  Vein  (Quarry.  The  Albion  Vein  (West  Albion  or  Stod- 
dard) (piarry  lies  300  feet  south  of  the  Parsons  quarry  and  south  of 
the  Dehnvare,  Lackawanna  & AVestern  Railroad.  In  general  plan  it  is 
quadrangular,  mea.suring  400  by  500  feet.  This  old  opening,  now 
abandoned,  is  the  second  deejiest  in  the  region,  being  exceeded  only 
by  the  Parsons  quarry,  and  attaining  a maximum  depth  of  500  feet. 
A neiv  hole  along  the  southeast  side  of  the  one  just  described  was 
o])ened  in  1924  and  liy  1930  had  attained  a depth  of  150  feet. 

Structurally  the  old  quarry  Avas  situated  similarly  to  the  Parsons 
quariy,  but  in  beds  loAver  in  the  sequence.  The  Albion  “run”  has 
been  opened,  almost  from  to])  to  bottom.  The  “loose  ribbon”  making 
up  the  nortliAvest  Avail  is  said  to  be  in  the  Jenny  AVeeks  bed,  and  the 
Front  big  bed,  Avhieh  is  the  southmost  or  loAvest  stratum  in  the  Albion 
“run”,  lies  just  south  of  the  southeast  quarry  Avail;  about  40  feet 
north  of  the  east  corner,  the  Gray  bed  comes  to  the  surface.  The  ucaa' 
opening  is  in  beds  just  south  of  the  Gray  bed. 

At  the  surface  the  beds  strike  N.60°E.,  and  dij)  37-44°S.,  but  as  they 
descend  a vertical  attitude  is  acApiired  at  a depth  of  about  250  feet. 
BeloAV  this  point  the  beds  di]A  north,  to  a depth  of  350  feet  beneath 
the  surface,  Avhere  the  vertical  is  resumed  for  a short  distance.  Then 
the  dip  is  north,  A^ertical,  and  soutliAvard  again,  but  ATry  steep,  and  at 
the  toj)  of  the  Avorking  level  a steejA  southward  di])  (85°)  is  seen.  At  the 
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PLATE  51. 


A.  Bedding  slip  fault  or  “loose  ribbon”  in  north  corner  of  Albion 
Vein  quarry;  fault  plane  at  A;  t.vpical  closely  spaced  vertical  .joints 

below  it. 


11.  Bedding  slip  fault  of  West  Bangor  (luarry,  as  seen  in  the  north- 
east wall;  fault  plane  is  to  left  of  A;  beds  south  (to  I'igbt)  of  faidt  dip 
steeply  south  at  surface;  north  of  fault  the  dij)  is  more  gentle  and 
north;  note  .joints  on  smooth  face  north  of  fault. 
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loweKt  point,  however,  the  dip  is  cdearly  ■i6°N.  The  cleavage  strikes 
N.60-70°E.,  and  di])S  13-2()°S.  Grain  trends  N.52°W. 

Two  rather  iinnsnal  strnetnral  featnres  were  to  be  seen  in  the  old 
opening.  The  “back”  (northwest)  wall  appears  to  he  formed  by  a 
bedding  i)lane.  Close  inspection,  however,  shows  this  to  be  a bedding- 
slip  faidt  of  the  type  already  described  (see  p.  166).  South  of  the 
fanlt  ])lane  the  beds  are  tlirown  into  a syncline  on  a far  smaller  arc 
than  is  formed  by  the  fanlt  plane  itself,  xigainst  the  fanlt  plane  the 
cleavage  is  curly  and  mashed,  and  on  the  northern  side  it  tends  to  have 
a high  sonthward  dip  as  the  fanlt  is  approached,  suggesting  drag. 
Heneath  the  faidt  nnmerons  closely  spaced,  almost  vertical  joints, 
partly  calcite-  and  qnartz-hlled,  are  seen.  The  fault  gonge  is  2-3  feet 
wide,  with  qnartz  and  calcite  filling.  The  striae  where  seen  dip  almost 
vertically  and  extend  sontlnvard  parallel  to  the  bedding  dip.  Actually 
there  is  a zone  made  of  two  such  fanlt  planes,  close  together  (see 
Plate  51,  A.) 

In  the  north  corner  of  the  lowest  level  of  the  old  opening  a fault  of 
a different  nature  was  seen.  This  strikes  N.25°E.  and  di])s  35°SE. 
In  this  case  the  movement  was  pi’ohably  horizontal,  the  east  side  moving 
north,  and  the  displacement  was  not  more  than  two  feet  along  the 
plane. 

The  outstanding  feature  of  jointing  in  this  quarry  is  its  close  re- 
semblance to  the  systems  of  the  Parsons  quarry.  The  regularity  in 
Ihe  jointing  here  favors  (luarrying,  because  the  removal  of  the  slate  in 
rhombic  blocks  is  iierniitted.  Some  of  the  northwesterly  joint  surfaces 
bear  ])yrite  lenses. 

The  xVlbion  Vein  (piarry  was  opened  in  1902  and  in  1908  passed  into 
the  hands  of  the  iVlbion  Vein  Slate  Company. 

The  production  includes  rooting  slate,  all  varieties  of  mill  stock 
and  structural  material,  and  blackboards. 

28.  Two  small  qnarries  lie  about  1,100  feet  S.70°E.  from  the  Albion 
Vein  quarry,  in  the  field  east  of  the  road  that  leads  past  the  Albion 
Vein  opening.  The  larger  quarry  is  50  by  180  feet  and  the  other  is 
about  40  feet  s(iuare.  Neither  can  be  more  than  35  feet  deep.  The 
geology  of  these  two  openings  is  the  same.  In  the  larger  opening  the 
beds  are  thin  ; bnt  one  of  them  is  about  12  feet  thick.  Cross-bedding 
is  well  develo])ed  in  the  sandy  layers,  the  laminae  dipping  west.  The 
strata  strike  lSk70°E.,  and  dip  EVNAV.  on  the  southern  edge,  but  di]) 
85°tSAV.  in  the  northern  side  of  the  opening;  the  structure  is  thus  a 
northward  overturned  anticline.  As  the  cleavage  strikes  N.40°E.,  and 
dips  10°»SE.  it  is  seen  that  the  structure  plunges  east,  a fact  fiirther 
confirmed  by  the  observation  that  the  l)eds  along  the  axis  do  actually 
dip  1°  toward  the  east.  The  grain  trends  N.40°\V.,  and  dips  80°E. 

Nothing  is  known  of  the  history  of  this  quarry.  It  has  the  appear-i 
ance  of  having  been  abandoned  at  least  20  years  ago.  " 

29.  Alhion  Quarry.  This  large  opening  is  worked  by  two  com- 
panies, the  Keenan  Structural  Slate  Company,  which  operates  the 
western  half  of  the  (piarry,  and  the  Stephens-Jaekson  Comi)any. 

It  is  2,000  feet  south  of  the  Pen  Argyl  post  office  and  1,500  feet  east 
oi  the  Parsons  (luarry,  from  which  its  huge  dump  can  be  seen  rising 
to  the  east.  It  is  the  largest  opening  in  the  district  in  area  and  in  vol- 
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uiiie.  Rhombic  in  sliape,  it  has  areal  dimensions  of  600  feet 
and  900  feet  N.60°E.  Its  dei)t]i  varies,  as  thei'e  are  several  vorking 
levels  in  each  of  the  two  ])arts,  but  tlie  greatest  dejtth  measnred  is 
feet  below  tbe  surface,  the  depth  of  the  water  level  in  the  l)Ottom  of 
the  pit. 

On  the  east  side  the  Stejdiens-.iackson  Comimny  is  opei'ating  on 
several  levels,  each  level  nearer  the  middle  of  the  o])ening  than  that 
above.  Along  the  west  side  the  Keenan  Oompany  has  several  similarly 
step-like  levels. 

The  geology  of  both  ])arts  of  the  opening  can  best  be  described  at 
once.  The  beds  exposed  are  all  in  the  Albion  “rnn".  The  -leniiy 
Weeks  bed  is  seen  in  the  northernmost  reentrant  in  tbe  noi'thwest  wall 
of  the  pit.  The  Gennine  big  bed  of  the  Albion  “rnn”  is  qnarri('d  on 
several  levels  in  the  east  part  of  the  opening.  The  Gi’ay  bed  comes  to 
the  surface  ;d)ont  the  middle  of  the  northeast  and  southwest  walls. 

Operations  in  the  Keenan  half  of  the  quarry  have  been  contined  in 
recent  years  to  the  np])er  beds  of  the  Albion  “rnn”,  from  the  Gi’ay  bed 
on;  in  the  8tephens-Jackson  half  the  levels  have  develojied  chiedy  the 
middle  and  lower  parts  of  the  Albion  “rnn”,  althongh  tlic  lower  woi-k- 
ing  levels  extend  almost  to  the  Jenny  AYeeks  bed. 

AVhen  the  northeast  wall  is  viewed  from  the  sonthwest  side  of  the 
quarry,  the  true  strnctnre  is  readily  seen.  It  is  evident  that  the  beds 
dip  sonth  at  the  surface,  become  vertical  at  the  de])th  of  aboiit  200  feet, 
and  then  tnrn  so  as  to  di])  north.  There  is  thns  defined  a syncline 
having  an  axial  plane  that  inclines  gently  southward  (see  Plate  49. 
A,  and  Figure  52.)  This  strnctnre  carries  on  into  the  sonthwest  wall 
of  the  opening.  The  beds  are  generally  thicker  on  the  lower  limli  of 
the  syncline  than  on  the  upper. 

Near  the  middle  of  the  northwest  Avail,  jnst  Avest  of  the  property 
line,  a reentrant  leads  north.  The  north  Avail  of  this  step-like  reentrant 
is  a very  smooth  surface,  aiiparently  a bedding  plane.  This  smooth 
surface  forms  the  npi)er  half  of  the  Avail;  loAver  doAvn,  however,  it  is 
broken  aAvay,  partly  by  channelling,  ])artly  by  nndercntting.  This 
surface  is  a bedding  slip  fault,  and  has  been  described  under  that  head 
on  ])age  166. 

An  interesting  fact  in  regard  to  the  cleavage  in  this  cpiarry  is  its 
curvature.  In  the  n])])er  lev’els  of  the  east  half  of  tin*  opening  the 
cleavage  locally  actually  dips  north,  yet  is  not  crum])led.  The  im- 
]'/ression  of  a A’ery  gentle  arch  is  conveyed  l)y  this  de|)artnre  from  the 
customary  sontliAvard  dip.  ElseAvhere  the  cleavage  dijis  gently  sonth. 
The  grain  in  the  Avest  half  of  the  <piarry  strikes  N.45-55°A\".,  and  is 
A’ertical.  In  the  east  half  it  SAvings  more  noi-therly,  X.J8°AY.,  being 
recorded. 

Joint  systems  are  recognized  Avith  difficulty.  A set  of  steeiJy  dipinng 
joints  strikes  X.J5°E.  in  the  western  ])art  of  the  hole,  and  their  count- 
erparts dipping  more  gently  (70°)  north  are  recognizable  in  the  Ste- 
phens-Jackson  part  of  the  oi)ening.  Higher  u]),  joints  in  the  east  ])art 
of  the  quarry  strike  X.60-75°E.,  and  dip  moderately  or  gently  north. 
The  regnlaritA"  of  the  joints  in  these  ni)per  levels  is  striking  (see  Plate 
1G,A). 

In  this  o])ening  formerly  called  the  Courtney  quarry,  work  has  con- 
tinued for  60  years.  The  production  of  both  opei'ating  companies  in- 
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eludo.s  all  varieties  of  structural  slate,  blackboards,  electrical  slate,  and 
roofing. 

30.  Jdcl'son  Bangor  No.  7 Qaatiai.  Southeast  of  the  main  part  of 
the  ton’ll  of  Pen  Argyl  are  .seven  opening.s  n'hicli  have  long  been  known 
a.s  the  •Jackson  Bangor  quarries;  older  names  for  this  group  of  openings 
.still  per.sist,  however,  and  some  of  them  are  ii.sed  in  tlii.s  report.  The 
seven  quarries  are  generally  referred  to  by  number,  the  old  l^ennsyl- 
vania  quarry,  that  farthest  northeast  of  the  group,  being  sometimes 
.spoken  of  as  the  .Jackson  Bangor  No.  1. 

The  soiithwesternmost  quarry  is  designated  by  the  ownens  the  Jack- 
son  Bangor  No.  7 quarry.  Jt  lies  about  1,000  feet  east  of  the  Albion 
(piarry  and  measures  2.50  by  300  feet.  At  the  time  of  the.se  .studies  the 
east  side  of  the  quarry  was  being  strijiped  for  further  development,  but 
the  main  hole  is  flooded  to  a depth  of  about  150  feet. 

The  quarry  was  not  .studied  in  detail  because  of  its  inaccessibility. 
The  overburden  of  glacial  till  is  20  to  35  feet  thick. 

The  quarry  at  the  surface  is  o])ened  near  the  middle  of  the  Al- 
bion “run”.  Approximately  midway  in  the  northeast  side  the  Gray  bed 
comes  to  the  .surface.  The  opening  also  yielded  the  Jjittle  Hard  big  and 
Genuine  liig  beds. 

The  strata  strike  N.63°E.  and  dip  46°SE.  at  the  surface.  At  the 
dejitli  of  about  160  feet  the  strata  are  said  to  have  been  cnt  by  a fault 
that  is  probably  the  one  seen  in  the  lowest  level  of  the  Jackson  Bangor 
No.  6 quarry.  Below  this  fault  the  beds  moved  northward,  carrying  ac- 
cording to  one  observer,  the  Jjittle  Hard  big  bed  above  against  the 
Genuine  big  bed  below,  a movement  of  about  70  feet  along  the  faxdt 
plane  in  the  direction  N.30°AV.  The  estimates  of  the  amount  of  dis- 
placenxent  vary  greatly,  however,  for  one  qnarryman  says  that  the 
movement  equalled  the  entire  thickness  of  the  Albion  “run”.  As  in 
the  quari'ies  to  the  east  and  we.st,  the  beds  turn  at  some  depth,  so  as  to 
di])  northwest  in  the  lower  de]>ths  of  the  fpiarry.  The  cleavage  strikes 
N.1:2°E.,  and  dips  16°SE.  Grain  trends  N.47°5Y.  A well  developed  set 
of  joints  is  seen  on  the  walls;  these  strike  N.20-30°E.  and  dip  30°NW. 

31.  United  States  (Jo.cl'son  Bangor  No.  3)  Quarrg.  This  quarry 
lies  about  1,000  feet  S.60°E.  from  the  Pen  Argyl  ]m8t  office.  Ft  is  of 
irregular  ,sha])e,  Inrt  roughly  1200  feet  by  300  feet,  maximum  dimen- 
sions. It  was  largely  filled  with  water  when  visited  in  1024,  and  the 
Avater  eover.s  all  bnt  the  upper  50  feet  of  slate.  On  the  southwest  side, 
however,  extensNe  stripjnng  Avas  in  ixrogre.ss,  and  the  hole  Avas  being 
enlarged  beyond  the  dimensions  shoAvn  on  the  maps  and  given  above. 

As  the  slate  is  not  accessible  at  depth,  only  surface  observations 
could  here  be  made.  The  opening  has  given  its  name  to  a series  of  beds 
Avhich  Avere  not  accessible  to  mea.snrement  in  any  of  the  quarries,  the 
T’^nited  States  “run”. 

A .study  of  the  .structure  indicates  that  the  beds  in  general  dip 
southeast  on  the  south  (up])er)  limb  of  a nortluvard  OA^eidurned 
syncline.  In  the  northAvest  part  of  the  (piarry  the  dip  is  50°  NW.  In 
the  middle  of  the  Avest  ]iart  the  strike  is  N.50-65°E.,  the  (lips  A’arying 
betAATen  60  and  80°. SE.,  steepening  soutliAvard.  Erosion  in  this  part 
of  the  structure  must  haA'e  remoA'ed  a shaiq)  turn.  lioAveA^er,  and  a slight 
eastward  pitch,  for  on  the  extreme  east  edge  of  the  opening  the  beds 
are  nearly  horizontal,  changing  from  a dip  of  24°SE.,  at  the  northeast 


WIND  CAP-PEX  AUEYL  GROUP 


I’ll 


corner  to  37°NW.,  at  the  .soutliea.st  corner,  the  .strike  i'enuuninf>-  X.()3- 
66°E.  It  is  (piite  ])()ssil)le  tliat  thi.s  marked  difference  in  structui'e  may 
he  due  to  a fault  tliat  cuts  across  the.  quarry.  If  so,  the  fault  is  proh- 
ably  the  liio'her  one  of  the  two  in  the  -Jack.son  Ifaiio'or  No.  (i  (piari-y, 
for  the  projection  of  its  plane  would  fi'ive  it  that  jto.sition.  As  the 
movement  of  tlie  ea.stern  block  of  this  fault  was  down  and  southwai'd 
in  the  Jackson  Bangor  No.  6 oi)ening,  it  is  altogether  probable  that 
tlie  appearance  of  a gentle  syncline  in  the  strata  on  the  east  side  of 
the  United  States  quarry  is  due  to  the  dropping  of  the  upper  lind)  of 
a syncline  below  the  erosion  surface  at  this  ])oint.  t^uai-rymen  com- 
monly speak  of  a fault  in  this  quarry  and  it  is  l)elieved  that  tliis  is  the 
fault  referred  to. 

The  cleavage  strikes  iiniformly  about  N.7()-75°T1.,  and  dips  40-.')()°SE. 
Grain  trends  N.47°'\V.  The  few  joints  accessible  strike  N.3n°E.  with 
dips  of  80°NW.,  or  N.2()°W.,  dipping  58°N. 

This  is  one  of  the  oldest  (piarries  of  the  district.  Its  early  history 
is  not  known,  but  in  1907  the  property  was  purchased  by  tlu'  Jackson 
Bangor  Slate  Company.  Since  the  Woidd  War  it  has  not  been  worked, 
but  in  1925  it  was  being  opened  on  the  west  side. 

32.  Hercules  Quarrii.  Various  names  have  been  applied  to  this 
opening,  including  Ma.sters,  Bolger,  and  Jackson  Bangor  N.  2 quarry. 
The  old  name  Hercules  quarry  is  here  retained.  This  opening  is  oidy 
100  feet  north  of  the  lurited  States  qiiarry.  It  measures  400  by  200 
feet  and  is  worked  on  one  level  only,  the  bottom  of  the  quarry,  at  a 
depth  of  250  feet. 

The  beds  exposed  make  up  the  Pennsylvania  “I'un”,  a series  that 
derives  its  name  from  the  quarry  to  the  ea.st.  As  far  as  known,  these 
strata  are  not  opened  in  other  quarries  of  the  i-egion.  One  conspicuous 
bed,  having  a thickness  of  11  feet,  3 inches,  is  seen  in  the  present  work- 
ing level  near  the  north  wall. 

At  the  surface  the  bedding  strikes  N.47°E.,  and  dips  31°N.,  along 
the  north  Avail  of  the  cpiarry  and  39°  on  the  .south  Avail.  At  a depth  of 
80  feet  the  dip  is  vertical,  hence  marks  the  almost  horizontal  axis  of 
the  nortliAA'ard  overturned  anticline.  Thei'e  are  sCA'cral  smaller  rolls, 
to  a depth  of  about  150  feet : then  the  beds  resunu'  the  northward  diji, 
Avhich  they  retain  to  the  bottom  of  the  quarry.  There  is  evidence  in 
the  loAvest  part  of  the  Avail,  hoAvever,  that  the  beds  again  assume  a 
steeper  dip,  suggesting  the  occurrence  of  another  axis  Avith  depth 
(.see  Figure  63). 

Sev'eral  smaller  faults  are  visible  in  the  nortlnvest  Avail,  the  bedding 
traces  being  off'set  as  they  cross  the  fault  ])lanes.  In  the  bottom  of 
the  opening  there  is  a small  fault,  the  strike'  and  dip  of  Avhich  are 
N.5-20°W.,  38-50°NE.,  i-espectively.  The  dis])lacement  is  about  7 
feet  in  a N.50°W.  direction  along  the  fault  ]ffane.  Striae  on  the  fault 
Avail  dip  25°SE.  in  the  jelane  of  the  fault;  the  movement  Avas  thus 
largely  horizontal,  the  east  side  moving  northward.  This  jirobably  re]A- 
resents  a minor  adjustment  of  a thrust  nature,  giving  the  same  effect 
as  the  faidts  already  mentioned  in  the  Albion  Vein  and  the  Jackson 
Bangor  No.  7 quarries,  and  yet  to  be  descinbed  in  the  Jackson  Baugor 
No.  6 quarry  (see  beloAv).  Projected  to  the  surface,  the  fault  ])lane 
appears  to  coincide  most  closely  Avith  the  fault  of  the  Jackson  Bangor 
No.  6,  but  as  the  movements  in  these  two  faults  are  oppositely  directed, 
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Fig.  03.  Southwest  wall  of  Hercules  quarry,  from  east  corner.  Anti- 
clinal axes  at  (lei)th  of  80  and  200  feet.  Some  foreshortening  in 

deeper  ])arts  of  quarry. 

it  is  incorrect  to  correlate  tlie  two.  The  Hercules  fault  is  of  too  small 
a clis])]acement  to  he  .shown  on  the  ma]is. 

Cleavage  strike.s  N.43°E.,  and  dips  24°SE.  at  tlie  surface.  On  the 
Avorkiug-  level  the  strike  i.s  N.65-9()°E.,  and  the  dips  are  slightly  Ioaati’. 
Crain  trends  N..5()-(i()°'\V.  Tlie  joints  measured  all  fall  into  a N.6()°E. 
.system,  much  like  one  of  the  sets  observed  in  the  Albion  Vein  and 
Jackson  Eangor  No.  6 quarrie.s. 

This  quarry  tvas  opened  about  188.5  and  long  worked  by  the  Hercu- 
les Slate  Comiiauy,  and  has  been  worked  recently  by  the  Belmont 
Slate  Company.  The  products  include  roofing  slate,  blackboards,  slate 
for  plumbing  fixtures,  grave  vaults,  table  tops,  and  other  structural 
material,  and  electrical  .slate. 

S3.  Penn.'iijlvanid  Quarry.  Tn  ground  plan  this  is  a rhombic  open- 
ing lying  about  500  feet  N.30°E.  from  the  Hercules  quarry.  It  mea.s- 
ures  300  feet  along  each  side. 

Even  as  early  as  in  1833  the  quarry  was  “full  of  water Tpday 

1 Sanders,  R.  H.,  Geology  of  Lehigh  and  Northampton  Counties:  Pennsylvania  Second 
Geol.  Survey,  D.  3,  vol.  I,  p.  97,  1883. 
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the  openino-  shows  about  80  feet  of  slate  above  the  level  of  the  water. 
Tlie  i>robable  total  depth  is  150  feet. 

The  beds  opened  are  probably  slig'htly  higher  in  tlie  se<pienee  than 
those  in  the  Ilerenles  (piarry.  One  eonspienons  !)ed,  estimated  to  lie  10 
feet  thick,  oeeni-s  about  midway  in  the  northwest  wall.  The  beds  strike 
N.55°E.,  and  dip  62°X.  at  the  northwest  edge,  22°X._at  the  southeast 
edge.  Xorth  of  this  quarry,  thei’efore,  an  anticlinal  axis  shonhl  emerge, 
(.deavage  strikes  X.62°  E.,  diiis  22°8. ; grain  strikes  X"..)o°A\  . and  is 
vertical. 

Since  1885  this  quarry  has  experienced  laqieated  revivals  of  operation 
but  apparently  none  of  long  duration.  It  was  the  tirst  quarry  opened 
in  the  Jackson  llang'or  properties,  and  is  thei'efore  sometimes  s])oken 
of  as  the  Jackson  Bangor  Xo.  1 qnariy.  The  jirodncts  were  rooting- 
slate,  blackboard  material,  and  structural  slate. 

34.  Diamond  (Quarry.  This  quarry  lies  about  200  feet  south  of  the 
middle  of  the  United  States  quarry.  It  measures  about  800  feet  on 
each  side  and,  though  now  hooded,  is  at  least  175  feet  deej). 

The  beds  exposed  constitute  the  Diamond  “run”  and  ai'e  seen  again 
in  the  Parsons  and  Xew  Diamond  quarries.  In  the  Diamond  (luarry 
they  were  not  studied  in  detail  because  not  accessible.  The  structure 
is  uniform  everywhere  in  the  (piarry,  the  .strike  and  dip  of  tlii-ee  ob- 
servations averaging  X.67°E.,  69°SE.  The  cleavage  strike  varies  gi-eat- 
ly,  but  apparently  the  mean  is  about  X.40°E.,  Avith  gentle  south  dii)S. 
The  grain  trends  X.58-68°AY. 

The  nortliAve.st  (“hack”)  Avail  is  dev-eloped  along  a “loose  i-ibbon”. 
This  bears  numerous  joints  two  feet  apart  or  less  and  aiiiiearing  to 
strike  X".15-85°E.,  and  to  dip  50°S. ; they  are  (piartz-  and  calcite-tilled. 
In  the  southeast  corner  .se\-eral  joints  strike  X.5°AV.,  and  dip  5()°SAV. 

It  is  said  that  the  Avater  level  of  this  quarry  is  related  to  that  of 
the  Jackson  Bangor  Xo.  5 (see  below).  AA^hen  Xo.  5 is  drained,  the 
level  in  the  Diamond  quarry  is  noticeably  Ioav. 

Like  the  PennsylA-ania  (piarry,  this  ojiening  has  been  abandoned  for 
seA^eral  years.  It  is  sometimes  called  the  Jackson  Bangor  Xo.  J qiiai'ry. 

35.  Jack.'ion  Bangor  No.  6 Quarri/.  This  dee])  opening  lies  about  1,200 
feet  S.50°E.  from  the  Pen  Argyl  post  office,  and  is  the  next  cpiarry 
due  east  of  the  Jackson  Bangor  Xo.  7 oiiening.  At  the  surface  it  is 
250  by  300  feet.  The  de])th  Avas  380  feet  in  the  loAvest  kwel  (1924), 
but  continued  sinking  since  has  increased  that  figure.  Upjier  levels 
rise  as  benches  along  the  northeast  side  of  the  quarry. 

This  (piarry  on  its  seA-eral  Avorking  levels  opens  all  of  the  Albion 
“run”.  On  the  south  edge  of  the  loA\-est  level  is  the  Hard  Ei-ont  l)ig 
bed.  On  the  uppermost  leA-el  the  loAver  part  of  the  Jenny  AA'eeks  bed 
is  seen  against  the  north  AA'all. 

.Structurally  the  (piarry  ex])oses  a rather  oiien  syncline  Avith  an  al- 
most flat  axial  plane,  the  tAvo  u])))er  levels  being-  in  the  u])])er  (south) 
limb  and  the  loAvest  piece  in  the  north  limb.  Thus,  on  the  topmost 
level  the  beds  strike  X.60-65°E.,  and  dip  ()5-80°E.,  Avhile  in  the  loAvest 
level  they  strike  XJ40-50°E.,  and  dip  10-85°XAV.  The  strikes  on  the 
upper  and  loAver  limbs  diverge,  as  noted,  and  the  cleavage  strike  is 
more  nearly  parallel  with  the  strike  of  the  beds  below  than  above. 
There  is  a suggestion  in  these  relations  that  the  axial  line  of  the  beds 
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swings  nortli  as  it  is  followed  east.  The  cdeavage  dips  gently  south, 
15-30°  and  strikes  N.40-60°E.  Grain  trends  N.45°W.  Jointing  is  not 
distinctive. 

Three  faults  are  seen  in  this  qnarry.  They  all  strike  northwest  and 
dip  to  the  northeast,  and  thei-e  is  evidence  that  the  movement  is  main- 
ly horizontal  and  southward  on  the  east  side  of  the  fault  plane.  One 
is  seen  in  two  of  the  (piarry  Avails  near  the  east  corner  of  the  0])ening', 
about  50  feet  heloAv  the  surface.  The  other  two  are  on  the  lowest 
working  level.  For  a further  descri])tion  of  these  faults,  the  reader  is 
referi-ed  to  jiages  104-1  (15.  Offsets  of  a similar  nature,  but  on  a much 
smaller  scale,  are  visible  on  the  jiorthwest  and  southAve.st  walls. 

Beginning  at  the  surface,  along  the  northeast  Avail  of  the  quarry,  a 
cons])icuous  “loose  ribbon’’  leads  doAvnward  in  a cnrve  parallel  Avith 
the  bedding.  Although  thei'e  aiipareidly  has  not  been  much  movement 
along  the  ])lane  at  this  point,  it  is  believed  that  the  open  crevice  or 
“loose  ribbon’’  re])resents  the  trace  of  a bedding  slip  fault. 

Tn  quarrying,  the  managemmit  has  found  operations  very  expensive 
at  certain  .stages  in  the  descent,  because  of  inunerous  closely  spaced 
joints  attributed  to  the  three  high  angle  faults  mentioned.  Although 
it  is  true  that  some  jointing  is  associated  Avith  these  fault.s,  it  is  al- 
most certain  that  most  of  the  observed  joints  are  related  to  the  moA^e- 
ment  along  the  bedding  sli])  fault,  a structtire  Avhich,  being  almost 
])arallel  Avith  the  bedding,  is  readily  overlooked.  On  the  whole,  it 
is  probable  tbat  this  quarry  Avill  be  more,  rather  than  less  profitable 
as  depth  is  gained,  as  this  increase  in  depth  giATS  to  the  Avorking  leA'el 
a greater  horizontal  distance  from  the  bedding  .sli]),  the  latter  receding 
farther  and  farther  into  the  Avail. 

This  opening  Avas  Avorked  by  the  Jackson  Slate  Company  previous  to 
its  purchase  in  1!)07  by  the  Jackson  Bangor  Coni])any.  The  date  of 
opening  is  not  knoAvn  to  the  Avriter.  The  yield  includes  all  kinds  of 
slate  products. 

36.  Jacl'son  Bangor  No.  6 Small  Qaarrg.  This  small  opening  lies 
immediately  southeast  of  the  main  opening  of  the  Jackson  Bangor 
Xo.  6.  It  is  about  75  feet  square  and  105  feet  dee]).  Tn  the  northeast 
corner  the  Gray  l)ed  is  exposed.  The  strncture  resembles  that  of  the 
main  o])ening.  At  the  surface  the  strata  di])  48°.SE.,  but  in  the  bottom 
llie  dip  is  75°SE.,  and  is  plainly  stee])ening.  The  extent  of  the  horizon- 
lal  shift  involved  in  the  fault  described  as  A'isible  in  the  southeast 
coi'iier  of  the  Xo.  (J  (juarry  is  indicated  by  the  soutliAvard  shift  of  the 
Gray  bed  from  its  outcroj)  at  the  middle  of  the  main  No.  6 quai'ry  to  the 
noidheast  corner  of  this  small  opening,  a displacement,  as  measured 
along  the  horizontal  ]-eference  surface,  of  about  125  feet. 

37'.  Jacl'Hon  Bangor  No.  o (Valley)  Quarry.  This  quarry  is  at  the 
southea.st  edge  of  Pen  Argyl,  on  the  Bangor  & Portland  (DelaAvare, 
liackawannna  & We.stern)  B.  K.  It  is  one  of  the  larger  openings  of  the 
Pen  Argyl  group,  ineasuring  500  by  250  feet. 

l)eA'elo])ment  is  in  several  levels,  the  main  or  bottom  one  Amrying  in 
depth  up  to  225  feet. 

There  is  a lieaAW  overburden  of  30  feet  of  rounded,  unstriated 
l)oulders,  set  in  sandy  clay.  Beneath  this,  near  the  middle  of  the 
northeast  Avail,  the  Gray  bed  is  plainly  seen  and  sIioavs  again  in  the 
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bottom  of  the  quarry.  Tlie  entire  All)ion  “run”  is  thus  exposed  in 
the  workings,  although  the  divergence  between  the  stidke  of  the  beils 
and  the  longer  dimension  of  the  opening  carries  the  Gray  and  lower 
beds  into  the  southeast  wall.  The  structure  is  that  of  a northward 
overtiirned  anticline  above  and  its  com])lementary  syncline  below’;  the 
beds  at  the  surface  dip  4-l°X\V. ; but  lower  dow’u  they  dip  southeast 
at  moderate  angles ; at  still  greater  de]iths  the  dip  is  north  again,  from 
50  to  80°.  The  strikes  vary  slightly,  but  the  average  is  about  N.70°E. 
Cleavage  strikes  X.80°E.,  and  dips  i5-30°W.  Grain  trends  X'.45-53°W. 

It  is  difficudt  to  speak  of  any  of  the  joints  as  falling  into  distinct 
.systems;  almost  all  stilke  northeast,  and  of  these  many  strike  X^.50°E., 
Avhereas  another  groiip  strikes  about  due  east;  both  have  vertical  dips. 

X’ear  the  northea.st  corner  a fault  is  visible  on  the  w’all.  The  trace 
of  the  fault  ]dane  dips  north,  which  suggests  a nortlnvest  strike  with 
a northeast  dip,  similar  to  the  faults  already  described  in  the  quarries 
to  the  w'est.  Unfortunately,  how'ever,  the  fault  plane  -was  not  accessible 
and  its  actual  strike  and  dip,  as  well  as  the  amount  of  movement,  could 
not  be  measured.  The  beds  east  of  the  fault,  however,  are  said  to  have 
moved  north.  Small  faults  w’ith  similar  movements  are  seen  near  the 
surface  in  the  northeast  wall  just  north  of  the  east  corner. 

The  quarry  was  opened  long  ago.  In  1907  the  property  was  pur- 
chased by  the  Jackson  Bangor  Slate  Com})any,  the  present  oiierators. 
In  1908,  the  XT).  6 and  the  No.  7 quarries  ])rodueed  together  75,000 
squares  of  roofing  slate,  but  production  declined  greatly  during  the  war 
and  has  but  lately  resumed  normal  size.  A recent  innovation  is  an  ex- 
cellently equipped  roofing  slate  milE.  The  pi'oduction  includes  roofing 
slate,  blackboards,  electrical  slate,  and  slate  for  structural  puriioses. 
The  company  makes  a specialty  of  the  latter  material  shaped  to  meet 
particular  needs. 

38.  About  600  feet  due  east  of  the  Jackson  Bangor  No.  5 quarry  is 
an  old  pit,  long  deserted.  It  measures  about  100  by  200  feet,  and  is 
only  20  feet  deep. 

The  strata  could  not  be  correlated  wdth  any  of  the  measured  sections, 
but  are  evidently  well  below  the  Albion  “run”.  They  strike  N.75°E., 
and  dip  16°S.,  apparently  on  the  south  (upper)  limb  ■of  a syncliue 
wdth  horizontal  axial  jdane.  The  cleavage  strikes  N.58°E  dipping' 
3-5°N.  The  grain  trends  N.35°W. 

This  quarrying  w’as  done  more  than  20  years  ago  and  w’as  abandoned 
when  it  w’as  found  to  enter  beds  below’  the  Albion  “run”. 

3.9.  Anotlier  old  i)it  lies  about  1,800  feet  N.80°E.  from  the  Diamond 
quarry.  It  is  now’  filled  w’ith  w’ater,  and  is  only  about  130  by  75  feet 
in  size. 

The  beds  are  said  to  be  of  the  Albion  “run”.  They  strike  Xh62°E., 
and  dip  23°S.  The  dip  thus  resembles  in  direction  that  in  Quarry  X^o. 
38,  but  is  steeper,  probably  because  the  axial  plane  of  the  fold*  dips 
soutlnvard.  In  the  northwe.st  corner  the  cleavage  sti-ikes  Xh25°E.,  and 
dips  8°N.  at  the  one  locality  w’here  the  strike  was  observed.  Grain 
trend  is  Xt.40°\V. 

40.  Old  Crown.  Quarry.  This  quarry  lies  about  1,500  feet  ENE. 

1 Bowles,  Oliver,  Recent  rrogress  in  slate  teelinology:  U.  S.  Bur.  of  Mines  Reports  of 
Investigations,  flg.  1,  1926.  ’ i «.o 
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li'um  the  Penn.sylvaiiia  quany  and  only  about  50  feet  nortli  of  the  Pen 
Ai'gyl-Pan^or  higlnvay.  It  is  IdO  by  115  feet  in  size  and  120  feet  deep 
to  water  level,  but  ninsf  liave  a far  greater  total  depth. 

The  beds  should  liere  l)e  tlie  same  as  at  the  Penns.ylvania  quarry  to 
the  west.  Tlie  strike  is  N.bO°E.,  Avith  dips  of  25‘^NW.  due  bed 
]iieasures  0 feet  along  the  cleavage.  The  cleavage  stidkes  a])in‘oximately 
X.58°E.,  and  dips  gently  southward.  Grain  trends  N.4U°W.  The 
history  is  given  under  the  descrijition  of  the  Crown  quarry. 

11.  (')-otrn  About  1,800  feet  X1.50°E.,  of  the  Pen  Argyl 

city  park,  and  in  the  little  settlement  of  West  Bangor,  is  the  new'  CroAvn 
(|uarry,  a rectangular  opening  300  by  225  feet  in  size  with  a depth 
of  about  110  feet,  partly  Hooded. 

PTider  a light  overburden  of  glacial  drift,  the  slate  beds  appear 
sti  iking  N.53°E.,  with  a dip  of  12°X.  at  the  soutli  end  of  the  quarry, 
but  only  33°  at  the  north  end.  A synclinal  axial  plane  Avith  a sonth- 
Avard  dip  may  be  exjiected  to  apjiear  at  the  surface  .south  of  this  quarry. 
The  beds  exposed  are  continuous  along  their  strike  Avith  those  in  the 
West  Bangor  quarry  describetl  beloAV. 

Cleavage  strikes  N.53°E.,  di]is  40°tS.  Tlie  grain  trends  about 
X.40°W.  On  account  of  the  heav'y  Aveathering  of  the  slate,  joints  are 
i-eadily  studied  from  the  surface.  A liedding  slip  fault,  unquestion- 
ably continous  with  that  seen  in  the  Bangor  Fidelity  and  West  Bangor 
quarries  (Avliicli  see),  shoAvs  in  the  northeast  quarry  Avail  about  100 
feet  from  the  south  end,  but  tlie  sliiiping  described  in  the  easterly 
(jiiarries  is  greatly  reduced,  and  it  is  evident  that  the  faulting  is  on 
the  Avane  westward. 

Onarrying  here  Avas  begun  in  1802.  In  1010  this  and  the  Old  Crown 
(luarry  to  the  south  came  under  the  management  of  the  Crown  Slate 
Comjiany  of  Pen  Argyl,  Pa.  The  (jiiarry  is  uoav  not  Avorked.  The 
l-roductiou  included  mainly  electrical,  structural,  and  blackboard 
material.  VAry  little  rooting  slate  was'  made. 

12.  Baiifior  Fidelity  (Jiian-y.  About  600  feet  east  of  the  Crown 
(|uarry  is  the  Avestern  of  tAvo  almost  equal-sized  ojienings,  rhombic  and 
about  500  by  225  feet  in  ground  jdaii;  the  Avestern  (Bangor  Fidelity) 
quarry  is  about  300  feet  dee]). 

This  quarry  is  so  close  to  the  West  Bangor  that  the  geology  of  the 
lAvo  openings  is  practically  identical,  and  the  reader  is  referred  to  the 
description  of  that  oiiening.  History  of  deA'elopment,  too,  is  linked 
Avith  that  of  the  AYest  Bangor  (piarry  and  discussed  under  that  head. 

IS.  IPc.sb  lUuKjor  (Quarry.  A Avail,  in  places  onl.y  two  feet  thick, 
sci)ai'ates  this  from  the  (piarry  to  the  Avest. 

The  slate  is  somcAvliat  softer  and  more  brittle  than  that  in  the  Albion 
“run”. 

At  the  surface  in  the  north  end  of  the  (piarry  the  beds  strike  N.57° 
E.,  dip  43°Xb;  in  the  south  end  the  di])  is  65°8.  In  the  quarry  Avail 
the  dip  reverses  and  in  the  Avorking  level  all  beds  di])  north,  at  angles 
of  10°  to  15°.  As  in  the  Bangor  Fidelity  quarry,  therefore,  a s.^mclinal 
axial  j)lane,  dip])ing  14°S.,  emerges  near  the  middle  of  the  (piarry,  and 
an  anticlinal  axial  jdane  is  doubtless  privsent  a little  south  of  the  0])en- 
ing. 
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Tlie  bods  ■worked  inolude  four  oouspieuou.sly  thick  oiu's.  iMcrisure- 
iiients  ”’ive  tiio  followiiiji-  tiuckno.sse.s.  in  the  order  of  supci'iiositioii  : 

Mc(isi(r((J  se(ji(('ncf  in  West  ISanfinr  (jiKwrii. 

'I''liickm'ss 


Name 

Ft. 

In. 

('liief  I’se 

Bis  lied  . . . 
Hard  roll  . 

I nterveiiiiis 

beds 

wilb  "riblions"  

O 

tin 

(1 

(i 

(1* 

Electrical  slate 

Bis  bed  . . 
Hard  roll  . 
Iiiterveiiiiis 

beds 

with  "ribbons"  

s 

10 

») 

O 

*) 

(1* 

Blackboard 

Bis  bed  . . 
Hard  roll  . 
Iiiterveniiis 

beds 

witb  "riliboiis"  

(1 

no 

10 

4 

0* 

t^arioiis 

Bis  lied  . . 
Hard  roll  . 

4 

T) 

o;» 

Blackboard 

* Tliicknt'ss  cstiinatt'd.  not  accuriitp. 


The  eleava'i'e  strikes  X.61°Pk,  dips  30°S.  The  "rain  trends  X".4o°'\V., 
dips  80°E.  In  the  Avail  of  the  (|narry  a set  of  joints  trendino-  N'.55°P]., 
and  dii)])ino'  75°S.  is  seen.  Tn  the  bottom  a system  strikes  N.]()-30°E., 
dips  70°S.  There  is  a tendency  for  the  diits  of  the  first  set  of  joints 
to  ent  the  heddiii"’  di])  at  ri"ht  angles. 

About  midAvay  in  the  quarry  sides  a heddinq'  slip  fault  comes  to  the 
surface.  Witli  it  are  associated  the  usual  numerous  joints  qently  in- 
clined to  the  plane  of  the  fault.  Idie  beds  south  of  the  fault  hulqe 
and  di]A  noticeably  first  south,  then  north,  Avhile  those  north  of  the  fault 
are  A’ertical  near  the  jdane  and  di]i  north  farther  aAvay;  the  closer 
compression  of  the  fold  south  of  the  fault  plane  is  thus  clearly  defined. 
This  heddinq  slij)  fault  can  he  ti'aced  Avest  throTiqh  the  Bauqor  Eidelity 
and  CroAvn  quarries;  its  outci'o])  at  the  surface  is  marked  by  a shattei-ed 
zone  that  Aveathers  so  easily  as  to  leave  a cons])icuous  notch  in  the 
quarry  Avail.  The  feature  is  shoAvn  in  Plate  51,  B. 

The  West  Bauqor  <piarry  Avas  opened  in  1887.  It  Avas  taken  OA’er  by 
several  firms  in  succession  Avith  occasional  ]ieriods  of  idleness.  About 
1912  operations  Avere  resumed  and  continued  until  1919,  hut  the  quarry 
Avas  once  more  heinq  Avorked  in  1924  by  the  Bauqor  Eidelity  ('om])any. 

The  ])roducts  are  structural,  electrical,  roofinq,  and  hackl)oai'd  slate. 

a.  Bangor  Superior  Quarrg.  small  opening.  A small  ojteninq-  of  the 
Bauqor  Su])erior  (piarry  lies  just  Avest  ftf  the  main  hole  l)earinq  that 
name.  It  represents  a stripped  area  practically  eontinuons  with  the 
main  hole. 

15.  Bangor  Superior  (^uarrji.  The  Bauqor  Superior  (piany  is  about 
half  a mile  due  Avest  of  Koseto,  and  about  2,000  feet  X,45°E.  of  the 
West  Bauqor  quarry.  It  is  rouqhly  200  feet  squai’e.  The  depth  to 
the  present  Avater  leA'el  is  130  feet. 

Three  thick  beds  are  AA'orked,  one  of  AA'hich  is  the  Johnny  Kress  bed, 
havinq  a “lenqth’'  of  9 feet,  7 inches  alonq  the  cleavaqe;  this  bed,  by 
careful  measurements,  cmdd  he  cori’elatetl  Avith  one  of  tlu'  tlnck  beds  in 
the  W^est  Bauqoi’  quarry.  Stratiqraphically  about  40  feet  beneath  it 
is  a bed  about  7 feet  “lonq"  (measured  on  the  cleaAuiqt*)  ; rouqhly  20 
feet  loAver  in  the  sequence  is  another  thick  lied  about  10  feet  "lonq”. 

A feature  in  this  (piarry  is  the  nortlnvest  strike  of  the  beds,  'riuis. 
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at  tlie  surface  tlie  strike  and  dip  are  N.62°W.,  n°S.  In  the  bottom  of 
the  quarry  alouft'  the  south  side  the  strike  is  N.76°A\’'.,  the  dip  12°S. 
The  strike  of  tlie  cleavage,  however,  retains  a northeast  direction,  be- 
ing N.bl°E.,  with  a 35°S.  dip  at  the  surface,  while  in  the  bottom  the 
relations  are  the  same.  It  is  thus  clear  that  the  quarry  is  on  a west- 
Avard  pitching  syncline.  The  grain  generally  trends  N..50°  A\h,  dips 
75-90°E.  A set  of  joints,  striking  N.42-5n°AV.,  and  dipping  60-80°S., 
is  seen  in  the  east  corner  of  the  opening. 

This  quarry  v-as  first  oiiened  in  1884.  The  lease  on  the  property 
changed  hands  repeatedly,  with  corresponding  pauses  in  production, 
hut  since  1920  the  quarry  has  been  continuously  operated  by  the  Slate 
Products  Company,  Incoiqiorated,  of  Bangor,  Pa.  The  products  in- 
clude structural  and  electrical  slate  and  smaller  quantities  of  roofing 
slate  and  hlacklioards. 

46.  Keller  Quarry.  This  small  opening  is  on  the  northerly  slope 
of  the  same  hill  as  the  American  Bangor  quarry,  and  about  1,200  feet 
due  north  of  that  quarry.  It  is  small  and  only  a little  slate  is  seen. 
The  beds  .strike  N.30°E.,  dip  60°S.  CleaA-age  is  horizontal  or  dips 
gently  north,  Avith  a slight  tendency  to  curve.  No  lieds  exceeding  two 
feet  in  thickness  are  exposed.  The  strata  are  said  to  he  part  of  the 
North  Bangor  No.  3 “run”. 

47.  Steeker  Quarry.  The  Stecker  quarry  is  a prosjiect  pit,  about 
3.7  by  140  feet  iu  ground  dimensions,  lying  800  feet  due  north  of  the 
American  Bangor  quarry,  and  about  12  feet  deep. 

The  bedding  strikes  N.31°E.,  and  dips  h3°S.  on  the  noidliAATst  side, 
l)ut  only  .33°8.  on  the  southeast.  Alany  “hard  rolls”  are  Ausible.  The 
opening  is  thought  to  have  exposed  the  North  Bangor  No.  2 “run”. 
The  grain  trends  N.40°AV. ; cleaAmge  is  horizontal. 

48.  Killer  (Kiarry.  The  road  from  Delahole  to  Bangor  passes  about 
1,000  feet  south  of  the  Bangor  Southern  and  American  Bangor  quar- 
ries and  then,  continuing  eastAAmrd,  crosses  one  of  the  headAvaters  of 
Alartins  Creek  before  rising  to  the  hills  soutliAA^est  of  Bangor.  Up  the 
valley  of  this  creek  and  on  its  Avest  side,  approximately  600  feet  north 
of  the  road,  is  a small  opening  (Quarry  No.  49)  on  the  property  of  Air. 
ITlilei-  of  Bangor.  It  measures  20  by  40  feet  and  is  15  feet  deep  to 
Avater. 

About  400  feet  farther  north,  on  the  same  side  of  the  stream  is  an- 
other small  quarry,  here  S]ioken  of  as  one  of  the  IJhler  quarries  (No. 
48).  It  is  aliout  40  feet  square  and  probably  40  feet  deep,  but  filled 
AAdth  Avater. 

The  beds  exposed  in  the  north  opening  are  said  to  he  in  the  North 
Bangor  or  North  Bangor  No.  3 “run,”  hut  they  could  not  be  iden- 
tified by  the  Avriter.  They  strike  N.70°AA^.,  dip  1.5°N.  Cleavage  strikes 
N.S0°B.,  dips  gently  south.  The  cleaAUige  is  fairly  regidar,  hut  the 
slate  is  closely  ribboned. 

This  and  the  pit  400  feet  south  Avere  opened  about  1905. 

4.9.  Killer  (Juarry.  The  location  and  dimensions  and  the  history 
of  this  '0])eniiig  have  already  been  given  under  the  description  of 
Quarry  No.  48. 

The  excavation  is  said  to  have  laid  hare  a part  of  the  Old  Bangor 
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“run”.  Tlie  beds  .strike  due  east,  dip  about  TlK)se  ex])osed  are 

rather  closely  ribboned,  and  ovei-tiirniny  i.s  snypested  in  the  northeast 
corner.  It  i.s  reported  that  tliei'e  was  a ])ig'  fanlt  iu  this  o])ening,  l)ut 
the  rumors  are  vague  and  not  sui)poi-ted  by  othei-  evidence. 

50.  Anio'ican  Jiauf/or  Quarrij.  This  opening'  is  about  midway  V)e- 
tween  tlie  towns  of  Bangor,  Pen  Argyl,  and  Ackei'inanville,  and  1.5 
miles  from  each.  Its  high  duiu]),  on  which  one  mast  stands,  like  a Hag 
staff  above  a ruined  fort,  is  visiltle  from  high  i)oints  se'ivei'al  miles 
distant.  The  large  opening  is  about  300  feet  wide  and  500  feet  long. 
The  maximum  de})th  to  the  water  that  Hlls  the  (piarry  bottom  is  esti- 
mated at  270  feet,  but  the  total  depth  is  rei^orted  to  have  been  al)Out 
370  feet. 

Beneath  an  overburden  15  feet  thick  the  beds  ai'c  seen  to  strike  X.OO- 
70°B.,  dij)  15-30°S.,  the  steeper  dips  being  along  the  soutli  side.  It  is 
said  by  l\ir.  Blake  of  Bangor  that  the  strata  steepen  slightly  in  the  bot- 
tom of  the  (piarry.  Apjiarently  they  are  on  the  upiier  limb  of  an  over- 
turned .syncline  having  a south  dijiping  axial  ])lane.  The  structure 
probably  pitches  Avest,  so  as  to  carry  it  beloAV  ground  level  in  the 
Bangor  Southern  quarry. 

The  quarry  Avails  are  uoav  inaccessible,  but  ojierations  are  said  to 
liaA’e  exposed  the  middle  of  the  Old  Bangor  “run”  and  the  Oray  bed 
Avas  encountered  at  no  great  de]ith.  The  cleavage  strikes  approxi- 
mately X.70°E.,  di]).s  8°S.  The  grain  trends  X.ld®^.,  and  is  A'ertical. 
Vertical  joints  are  prominently  deA'ehqied,  striking  X.18-53°E.  Such 
a joint,  apparently  continuous,  forms  the  entire  nortluvest  quarry  Avail. 
The  .surfaces  of  joints  of  this  sy.stem  are  commonly  quartz  or  calcite- 
coated,  the  quartz  being  the  earlier  mineral. 

Structurally  the  beds  iu  this  quarry,  as  far  as  can  be  determined, 
are  continuous  Avith  those  in  the  southern  of  the  tAvo  Uhler  (|uarries  to 
the  east.  The  relation  is  also  shoAvn  in  Figure  50 ; here  the  AvestAvard 
pitch  of  the  structure  makes  the  beds  at  the  surface  di])  north  tOAvard 
the  AA'e.st  (as  in  the  Bangor  Southern,  Avhich  see)  and  south  tOAvard 
the  ea.st  (as  in  the  American  Bangor  (piarry.) 

Quarrying  AA'as  begun  here  in  1875.  After  repeated  periods  of  opera- 
tion the  quarry  Avas  finally  shut  doAvu  in  1914.  The  lu'oduction  in- 
cluded roofing  slate,  blackboards,  and  structural  material. 

51.  Bangor  Bonthern  Qaarri/.  This  o]iening  is  X.3()°5V.  about  1.5 
miles  from  AckermauA'ille,  and  Avest  of  the  higliAvay  from  Ackerman- 
ville  to  Pen  Argyl.  It  measures  300  feet  by  ibO  feet;  ajiproximately 
20  feet  of  Avails  are  exi^osed  to  Avater  level,  of  Avhich  15  feet  are  glacial 
overburden. 

Beneath  the  latter  the  .slate  beds  are  seen  striking  X^.57°E.,  at  the 
northern  end  of  the  oiiening  the  dip  is  31°XW.,  but  decreases  .south- 
Avard  to  20°.  The  cleavage  strikes  X.65°E.,  dips  20°SE.  Grain  trends 
X.43°W.,  and  di]i.s  A'ertically.  Xo  jointing  is  seen. 

It  is  said  that  at  a dejith  oif  180  feet  the  beds  reA'erse  so  as  to  dip  south 
below  the  AA'ater  leA’el.  This  might  be  expected  if  the  dip  at  the  Ameri- 
can Bangor  is  considered.  The  beds  Avorked  Avere  mainly  in  the  Old 
Bangor  “run”. 

This  quarry  AA'as  opened  in  1890  and  shut  doAvn  ni  1895.  Tu  1904-05 
slate  Avas  removed  under  a lease  from  the  American  Slate  Company. 
Then  quarrying  Avas  abandoned  and  ncA'er  resumed. 
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52.  h'ciclKinl  About  400  feet  X.r)7°E.  from  Quarry  No.  53 

is  a small  ])il  measuring  70  feet  long  by  30  feet  wide,  the  greater  length 
being  northwest.  The  depth  is  18  feet. 

Thin  beds  of  sandy  slate  are  exposed  striking  N.46°E.  and  dipping 
43°SE.  The  eleavage  strikes  N.70-80°E.,  and  dips  20°S. 

5.3.  Hviclutrd  QmnTi/.  This  opening  lies  N.60°W.  about  1,200  feet 
from  the  Eangor  Sontbern,  on  the  north  sloi)e  of  a small  hill.  It  is 
about  100  feet  by  40  feet,  and  roughly  reetangulai- ; the  depth  is  30 
feet  to  the  toj)  of  the  I'ubbish  which  now  partly  tills  the  hole,  but  may 
once  have  lieen  greater.  In  the  wall  the  beds  turn,  di])ping  68°N.  at 
the  south  end  and  surface,  whereas  the  strike  and  dij)  in  the  north  end 
at  the  surface  are  N.50°E.,  68°8.  Below  the  surface  the  dij)  is  every- 
where south.  Near  the  south  end,  therefore,  an  anticlinal  axial  plane, 
dip))ing  south,  emerges.  The  strata  could  not  be  definitely  correlated 
with  those  of  othei’  (piarries,  but  are  presumably  in  the  nipier  part  of 
the  Bango]-  beds,  ('leavage  strikes  aboiit  N.45°E.,  dips  11°S.  Grain 
ti‘ends  N.47'’E. 

(Several  smaller  o])enings  are  seen  on  the  west  slope  of  the  hill  on 
1hc  north  side  of  -wbicb  this  quarry  lies.  None  ai-e  more  than  5 feet 
dee])  and  none  show  bedding. 

54.  DcUibole  (^)iiarrji.  The  old  Delabole  quarry  is  located  about 
1.200  feet  N.2r)°E.  fi'om  the  station  of  Delabole  on  the  Bangor  and 
Portland  (Delaware,  Lackawanna  & We.stern)  Railroad.  It  is  250  feet 
long  and  100  feet  wide.  The  de])th  Avas  probably  at  least  80  feet 
greater. 

The  beds  sli-ike  N.50°E.,  and  dip  62°N.  at  the  north  end  of  the 
o])ening,  vertically  at  the  south.  The  eleavage  strikes  ai)proximately 
pai-allel  with  the  beds,  dips  12°S.  These  bedding-cleavage  relation- 
shi])s  suggest  that  the  (luainy  is  south  of  a south  di])ping  synclinal 
axial  plane.  The  beds  are  said  to  have  been  still  vertical  at  the  greatest 
dej)tli  woi’k(‘d.  The  strata  exposed  are  not  veiw  thick.  No  single  bed 
exceeds  two  feel.  Some  blocks  on  the  dump  shoAv  cleavage  faces  five 
feet  “long”.  The  beds  o])ened  Avere  in  the  Grand  Central  and  Old 
Bangor  “runs”.  The  grain  trends  N.47°4V. 

This  (jnariw  Avas  opened  in  1000  by  i\Ir.  William  Blake  of  Bangor. 
Aftei-  changing  hands  several  times  it  Avas  shut  doAvn  in  1010  and  Avork 
has  not  since  been  resumed.  The  production  is  said  to  have  been 
maiidy  roofing  slate. 

55.  About  half  a nub'  south  of  the  dackson  Bangor  No.  5 (Valley) 
quarry  is  a cut  just  east  of  the  higliAvay.  This  measures  about  50  feet 
square  and  is  40  feet  deep.  Judging  by  the  strike,  the  beds  here  must 
be  about  the  same  as  in  the  Delabole  (juarry,  described  above.  They 
vaiy  in  thickness  up  to  2 feet  and  strike  N.67°E.,  dij)  32°N.  The  cleav'- 
age  strikes  N.35'’E.,  dipsi  12°S. 

.76'.  A small  pit  lies  on  the  southeast  fiank  of  a round  bill,  just  east 
of  the  Delabole  station.  The  opening  is  about  100  feet  long,  20  feet 
wide,  and  veiy  shallow.  On  Ihe  same  bill,  northeast  of  this  opening, 
there  are  several  smalh'r  prosju'cts. 

Beneath  a shallow  burden  of  decayed  slate,  the  beds  strike  N.47°E., 
and  dip  14°N.  The  cleavage  strikes  N.47°E.,  dii)s  lO-lSLS.  Grain 
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trends  N.4T°W.,  and  is  vertical.  The  beds  are  very  sandy,  ton  nmeli 
so  to  jierinit  the  development  of  ”'ood  eleavaye.  They  thfervi'see  sliuhtly 
with  acid. 

57.  Xagel  Quan-y.  This  is  a small  openino'  about  400  feet  due  east 
of  the  south  Uhler  quarry  and  1 mile  east  of  Delahole.  Glacial  materi- 
al. weathered  slate,  and  water  are  seen  in  a small  pi-ospect,  which  is 
only  1')  feet  deep.  Xothino-  is  km)wn  of  the  history  of  the  opening’. 

POINT  FHII.I.IP  GROUP. 

Five  soft  slate  quarries  are  located  within  a lanlins  of  three  miles 
of  the  town  of  Point  J^hillip  on  the  Delaware,  Lackawanna  & West- 
ern Kailroad. 

All  the  quarries  are  abandoned  and  in  none  coidd  measnrements  of 
the  successive  beds  he  made  in  suftieient  detail  to  establish  their  ex- 
act correlation.  A study  of  the  areal  o-eolo^y  of  the  reo-ion,  however, 
shows  that  all  these  openingrs.  with  the  possible  exception  of  the  St. 
Xicholas  and  Beers  quarries,  lie  so  close  to  the  north  edqe  of  the  out- 
croppino'  middle,  sandy  member  of  the  iMartinshnro-  that  they  ai-e 
thong’ht  to  have  been  opened  in  the  Bang'or,  rather  than  in  the  Pen 
Aro-yl  beds.  This  conclusion  is  favored  by  the  sandy  character  of  the 
slate.  In  all  the  (piarries  studied  the  beds  diji  <>ently  and  the  cleavaye 
more  steeply  .smith.  The  strnctnres  in  all  demonstrable  cases  thus  a])- 
pear  to  be  the  south  limbs  of  (northward  overturned)  anticlines,  hav- 
in<i’  south  dipping  axial  planes.  Xo  faults  were  .seen,  and  a detailed 
stndy  of  the  jointing  was  not  made. 

The  products  jirobably  included  only  roofing  slate,  bagging,  and 
fence  posts;  althongh  the  ojumings  arc  in  the  soft  belt,  they  are  too 
small  to  have  snjiported  the  extensive  operations  that  justify  the  erec- 
tion of  a mill. 

/. — 2.  Wesi  End  (J it(i)'fieti.  Two  (piarries,  about  20(1  feet  apart, 
are  situated  about  a mile  above  Xewtown  np  the  valley  of  the  west  fork 
of  the  Bnshkill.  Both  oiienings  are  a])proximately  100  feet  square  and 
both  are  full  of  water,  so  that  no  rock  can  be  seen  in  place. 

The  slate  found  on  the  dumps  north  of  these  openings  is  somewhat 
calcareous  and  effervesces  with  acid. 

The.se  two  quarries  are  said  to  have  been  worked  last  about  1900. 

Heers  (^iinn-y.  An  old  ipiarry  lies  1.1  miles  due  north  of  Xew- 
town on  the  west  side  of  the  road  leading  to  Katellen.  It  is  120  by  40 
feet  in  ground  ])lan.  The  bedding  could  not  bo  elearly  distinguished 
but  is  described  by  Sanders^  as  having  a strike  of  X.o0°E..  and  a dip 
of  10°S.;  the  cleavage  strikes  X\87°F.,  dips  62°S.  The  slate  lying  on 
the  dump  to  the  south  looks  quite  fresh  and  has  the  relatively  thick 
beds  and  non-siliceous  “ribbons”  of  soft  slate. 

The  ])roperty  belongs  to  i\Ir.  Beers  of  Xewtown.  Operations  wei'C 
begun  here  as  early  as  1890,  but  the  quarry  has  been  abandoned  for  a 
long  time. 

-i.  St.  y (}uavr]i.  About  500  feet  southea.st  of  the  Beers 
quarry,  on  the  east  side  of  the  Katellen-Xewtown  road  and  in  the  valley 

^ San<l«irs,  H.  H.,  (-Jeology  of  Lehigh  and  Xortliainiiton  Coiintios:  Penn.^vlvania  Second 
Survey,  r>  3,  vol.  I,  p.  103,  18S3. 
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of  Bnslildll  Creek,  i.s  another  small  oi)ening,  of  about  the  size  of  the 
Jleers  (juarry.  The  (piarry  walls  ai‘e  not  visible,  the  hole  being  filled 
with  Avater.  The  opening-  must  be  shalloiv,  to  judge  by  the  size  of  the 
dump.  The  strike  and  dip  are  given  by  Sanders’^  as  N.50°E.,  15°S. 
I'resnmably  the  history  of  this  o])eratiou  is  much  like  that  of  the  Beers 
(juarry.  Ty2ncal  soft  slate  is  on  the  dump  to  the  south. 

Tlie  l)eds  in  Avhich  this  o])eniug  Avere  made  are  tentatiA'ely  assigned 
to  the  Bangor  gronji  because  of  their  nearness  to  tlie  top  of  tlie  middle, 
sandy  membei-  of  tlie  Martinsbin-g  formation.  This  correlation  cannot 
be  estalfiished  beyond  question,  lioAvever. 

5.  Young  Quarrg.  This  old  oi)ening  is  on  the  headAvaters  of  Ho- 
kendauqua.  Creek,  1500  feet  Avest  of  Stahley’s  Mill  and  one  mile  due 
Avest  of  Point  Phillip.  The  dump  and  hole  are  hidden  by  timber  from 
the  road  on  the  south.  The  quarry  measures  100  by  120  feet  and  the 
estimated  de])tli  is  00  feet.  Water  conceals  the  bed  rock  excej)!  along 
the  nortliAvest  side.  There  are  several  moderately  thick  beds,  AAdiich, 
to  judge  by  their  sandy  texture  and  their  nearness  areally  to  the  belt 
of  outcrop  of  the  middle,  sandy  IMartinsbnrg  to  the  south,  probably 
represent  the  Bangor  beds.  The  strike  is  N.40'°AV.,  the  dip  20°S.  The 
cleavage  strikes  N.85°AV.,  dii)s  07°S.  These  relations  imply  that  the 
quari-y  is  located  near,  but,  probably  slightly  south  of  the  axis  of  a 
AvestAvard  ])itchiug  anticline.  Production  here  ceased  more  than  25 
years  ago.  Booting  slate  alone  was  made. 

SIiATEFIEIiD  GROUP. 

The  quarries  of  the  Slatefield  groiq)  ai-e  all  Avithin  a mile  south  of 
tSlatefield  on  the  Lehigh  & NeAV  England  Railroad.  This  station  or 
the  toAvn  of  Dauielsville,  about  Iavo  miles  nortlnvest,  Avould  be  the 
logical  shi]Aping  2>oints.  They  are  all  iu  the  soft  belt.  Actual  correla- 
tion Avith  the  standard  section  cannot  be  made  Avith  certainty,  but  by 
aligning  these  o])enings  Avith  certain  (piari-ies  in  the  neighborhood 
of  Dauielsville,  in  A\-hich  the  Albion  “i-un”  ]n-obably  occurs,  it  is 
thought  that  the  southern  (jiiarries  of  the  Slatefield  group  can  Avith. 
fair  assurance  be  regai'ded  as  having  been  o|)ened  in  the  Bangor  beds, 
Avliile  the  Seip  (piarry  is  ])robably  in  the  Pen  Argyl  beds.  This  inter- 
])retation  is  strengthened  by  the  sandy  chai-acter  of  the  beds  iu  the 
more  southerly  (piarries  of  the  grouj)  and  by  their  proximity  to  the 
northern  border  of  tlie  outci'Oi)  of  the  sandy  member  of  the  Martins- 
bnrg. 

The  beds  ai-e  variously  folded.  A striking  characteristic  is  the  uni- 
formly steep  cleavage  di])  and  hence  also  the  stee])  di])  of  the  axial 
])lanes  of  the  folds;  cleavage  planes  ai'e  recorded  as  diiiping  45-63°S. 
•Jointing  Avas  not  studied.  No  faults  Avere  seen. 

None  of  these  quarries  are  uoav  operated,  and  there  is  no  probability 
of  the  eai’ly  resunqition  of  Avork.  None  save  the  Labar  quarry  seems  to 
haAT  furnished  much  slate  in  recent  years. 

1.  Setp  (Quarry.  This  oiiening  is  IW  miles  due  Avest  of  the  St. 
•Jo.seph  (School.  It  is  125  by  CO  feet  in  areal  dimensions  and  not  over 

1 Siiii<k'r.s,  R.  H.,  oji.  cit  . , p.  101. 
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()0  feet  deep.  No  slate  is  seen  above  tlie  watei'  witli  vliieli  it  is  tilled. 
It  was  probably  shut  down  about  twenty  yeai's  a»'o. 

2.  Lahar  Quarr]!.  This  quarry  is  3()()d  feet  due  south  of  the  rail- 
road at  iSlatetield.  It  is  about  'ibr)  feet  loiuf  and  Kib  feet  Avide.  AVater 
fills  the  hole,  but  slate  is  Avell  shoAvn  aboA'e  it  in  the  west  corner.  Here 
the  beds  strike  N.(i7°E.,  dip  7()°S.,  Avhereas  the  cleavage  strikes 
X.(i()°E.,  and  dips  bb°S.;  the  grain  appears  to  strike  about  X.2()°AV. 
and  is  vertical. 

The  slate  seen  in  the  Avest  corner  consists  of  alternating  sandy  beds 
3 inches  thick,  Avith  tioor  cleavage,  and  thicker  shaly  beds.  Some  good 
slate  is  seen  on  the  large  dump  to  the  south.  Taa'o  big  beds  yielding 
good  slate  are  said  to  liaA'e  been  Avorked  htu’e. 

The  (juarry  Avas  opened  about  30  years  ago  and  shut  doAvn  about 
1910. 

3.  — i.  Quarries.  These  tAvo  small  openings  are  on  either  side  of 
the  road,  half  a mile  S.20°E.  from  the  railroad  at  Slatebehl.  The  hole 
10  feet  east  of  the  road  is  30  feet  square.  The  deiith  does  not  exceed 
30  feet.  In  the  small  ex]msnre  of  slate  on  the  Avails,  the  beds  strike 
X".70'’E.,  di])  b3°S.:  the  cleavage,  X.()b°E.,  dips  48°S.  hdiese  relations 
suggest  the  north  limb  of  a nortliAvard  OA'erturned  anticline. 

The  small  o])ening  10  feet  AAVst  of  the  road  is  also  filled  Avith  AA'ater. 
It  measures  25  by  50  feet.  Xh)  slate  is  seen  in  i)lace. 

5.  Langeuhach  No.  ] Quarry.  This  quarry  is  situated  800  feet  north 
of  the  Langenbach  X"o.  3 ojiening.  It  is  100  by  130  feet  and  at  least 
100  feet  dee]),  but  uoav  almost  comj)letely  filled  Avith  Avafer.  An  ex- 
posure on  the  east  side  sIioavs  beds  Avhich  strike  about  X.80°E.,  and 
dip  13°S.;  the  cleavage  sti'ikes  similarly  and  dips  ()3°*S.  The  grain 
])lane  could  not  be  determined. 

The  slate  on  the  duni])  shoAvs  a tcmdency  to  bre;dv  in  Avell  defined 
slabs  parallel  to  the  beds,  is  I'ather  sandy,  and  exhibits  catspaAvs.  Its 
character  suggests  the  Bangor,  rather  than  the  Pen  Argly  beds,  an 
impression  sup])orted  by  its  nearness  to  the  sandy  middle  Alartinsburg 
to  the  south. 

About  300  feet  north  of  this  o])ening,  and  lai’gely  concealed  by  its 
dnni]),  is  a small  cut  shoAving  slate  strata,  among  Avhich  is  a bed  31/2 
feet  thick.  Here  the  bedding  stiukes  X'.78°A\^.,  di])s  15°S.,  Avhereas  the 
cleavage  strikes  X".60°E.,  di])s  45°S.  The  grain  trends  X".41°AV.,  dips 
80°S. 

G.  Laiiyenhacli  No.  2 Quamj.  This  is  a small  bole  about  400  feet 
south  of  the  Laugenbach  Xo.  1 o])eiHng.  Slate,  sonu'  20  feet  in  de])th, 
is  exposed  along  a side  30  feet  long.  The  beds  strilce  ii-regularly,  due 
to  slumping,  the  dip  seems  to  be  generally  south  fi'om  5°  to  25°,  but 
the  observations  are  pooiv  The  cleavage  strikes  X.80°E.,  dips  70°S. 
One  big  bed  4 feet  thick  is  seen  at  the  i)ottom  of  the  cut. 

7.  LauyenhacJi  Ao.  3 Quarry.  This  o])ening  lies  about  thi’ee-quar- 
ters  of  a mile  south  of  Slatefield.  It  is  70  by  180  feet  iu  size  and  op- 
posite sides  are  |)arallel.  The  depth  is  pi-obably  not  over  40  feet.  Xo 
slate  shoAvs  above  the  surface  of  the  Avater  Avhich  tills  the  oi)ening.  The 
ehii)s  on  the  diuii])  to  the  south  haAv  a good  ring,  shoAv  relatively  little 
rusting,  and  bear  no  pyrite  or  quartz. 
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This  and  the  two  other  Laiigenbach  quarries  were  operated  about 
35  years  as’O- 

S.  Williams  Na.  I (Juin-ri/.  This  opening  is  located  on  the  Williams 
estate,  about  three-quarters  of  a ndle  Avest  of  Youngsville,  in  a field, 
500  feet  north  of  the  road  to  DanielsAdlle.  It  is  50  by  90  feet  in  size; 
lliere  is  water  in  the  bottom,  but  some  15  feet  of  slate  show  in  the  Avails. 
The  beds  seem  to  strike  N.70°W.,  and  to  dij)  10-20°>S.  One  big  bed  Avas 
(piarried  here,  according  to  accounts  giA'cn  tiie  Avriter.  In  1892  the 
quarry  Avas  slint  doAvn. 

!>■ — to.  Williams  No.  2 (.tiiarrii  and  Shaft.  Two  small,  shalloAV  pits, 

al)out  10  feel  apart,  are  located  about  300  feet  cast  of  the  opening  last 

desci’ibed.  Of  tliese  the  east  one  is  -10  feet  s<|uare,  the  Avest  approxi- 
mately tln‘  same  size  and  i)robably  dee])er.  Itoth  are  filletl  Avith  Avater. 
The  Avesterly  opeidng  sIioavs  in  its  southwest  Avail  some  slate,  of  which 
the  strike  and  dip  of  the  beds  is  N.  80“^  W.,  23°8i. ; that  of  the  cleaAmge 
is  N.72°E.,  62TS. 

Approximately  70  feet  sontlnvest  of  tlnvse  opeidngs  is  a shaft.  This 

is  said  to  haA’(*  bf'cn  Avorked  to  folloAv  the  big  bed  oiiened  in  the  Wil- 

liams No.  1 (piarry.  It  is  40  feet  deep  and  300  feet  S.80°E.  from  the 
Williams  No.  1 opening. 


PORTI.AND  GROUP. 

The  foui-  (piarries  of  the  Poi-tland  grou|)  are  grouped  together  be- 
cause their  industrial  center  Avould  normally  be  the  town  of  Portland. 
Tlii'ee  of  the  qnarrii's  lie  south  of  the  limestone  A^alley  that  extends 
Avest  fi-om  Poi’tland;  the  fourth  is  north  of  this  limestone  area.  All 
the  openings  are  in  the  hard  belt  and  liaA^e  jAroduced  tyifical  hard  slate, 
closely  banded,  Avith  many  thin  beds  of  highly  siliceous  .slate,  and  Avith 
carbonaceous  layers  less  cons])icuous  than  in  the  soft  belt.  As  the  de- 
tailed setpience  of  the  beds  in  the  hard  belt  has  not  been  AVorked  out, 
the  exact  sti'atigraphic  location  of  the.se  quarries  is  in  doubt.  The 
Mount  Pethei  (piari'y  is  probably  in  strata  considerably  higher  than 
those  of  tin'  othei'S. 

As  Avill  be  recalled,  the  smallei-  folding  in  tin*  hard  belt  is  generally 
iidense  and  these  (piarries  show  no  clear  relation  to  major  folds.  It 
is  a striking  fact,  hoAvevi'r,  that  the  cleavage  in  all  three  of  the  open- 
ings south  of  the.  lime.stone  belt  at  Portland  has  a stec])  dip,  from  30° 
to  55°S.,  Avhich  suggcvsts  tliat  the  fold  axi'.s  are  here  more  nearly  up- 
I’ight  than  oi'dinarily.  No  faulting  is  .seen  in  any  of  the  o])enings.  No 
gi'iieralizations  can  be  made  in  regal'd  to  joint  systems. 

The  products  of  these  (juarrie.s  Avere  rooting  slate,  graA-e  A'aults,  slate 
tiagging,  and  fence  |)Osts.  None  of  the  product  Avas  milled.  Of  the 
four  ])its  described  none  are  now  operating,  nor  is  there  a jirobahility 
ot  tin'  early  I'c'sumption  of  ipiarry  Avork. 

/.  Norlhamploii  i^uarrp.  This  is  a small  quarry  in  the  hai'd  belt 
situated  about  a mile  north  of  Poi'tland  and  aprroximately  800  feet 
Avest  of  the  Portland-Stroudsbnrg  higliAvay  on  the  slojie  of  the  hill 
forming  the  Avi'st  bank  of  the  DehiAvare  River  Valley.  It  measures  35 
by  15  feet,  is  roughly  rectangnlai-  in  outline,  and  sIioaaas  20  feet  of 
slate  in  the  Avails.  The  bottom  is  filled  Avith  Avater. 


POiri'LAXU  (iUOTl- 


Tlie  «late  lias  tlie  ty|)ieal  tliiii  liecldiiiy  and  silici'ous  “ idlilinns”  or 
the  hard  belt.  In  the  bottom  of  the  opening-  the  strata  .strike*  X.(S()°E., 
dip  42°N. ; tlie  eleava»e  jiianes  strike  due  east  and  dip  2U°S.  drain 
trends  X.-I2°W.,  and  dips  8U°SW.  In  the  wall  of  the  cpiarry  the  beds 
turn  over  so  as  to  lie  horizontal  at  the  surface. 

The  quarry  wa.s  jirobably  oiiened  since  IS8().  From  a theoretical 
\iewpoint  it  is  of  great  ini[)ortance  in  interpri'ting  the  structure  of  the 
region,  becau.se  it  clearly  demonstrates  the  existence  between  Tort  land 
and  Slateford  of  a strip  of  the  lo^vest  member  of  the  Alartinsbiirg  for- 
mation. 

2.  Mt.  Ilethcl  Quiirrif.  This  opening  i.s  located  in  the  field  back  of 
the  hlount  Itethel  ('hurch.  It  measures  90  by  To  feet  and  is  rec- 
tangular in  outline.  As  the  quarry  is  tilled  with  water,  the  deiith  can- 
not be  determined,  but  was  estimated  to  be  (iO  feet. 

dlie  slate  is  tyjiical  of  the  hard  belt,  closely  ■‘ribboned,  ' and  tending 
to  "rust”  on  exposure.  The  bedding  strikes  X.()r)°F.,  dips  12°S.;  the 
cleavage  strikes  jiarallel  with  the  beds  and  dips  r);3°S., — an  exceji- 
lionally  high  dip,  perhaps  induced  by  the  nearby  major  faulting  be- 
tween this  opening  and  the  limestone  to  the  north.  The  grain  jilane 
is  not  clear,  but  seems  to  trend  Xh:f()°'\V. 

The  quarry  has  not  been  operated  in  many  years. 

3.  PJiiUips  Quarry.  This  is  the  eastern  of  two  <piarries  ■which, 
about  600  feet  aimrt,  are  situated  on  adjacent  farms  about  four-fifths 
of  a mile  due  east  of  iMount  Bethel.  The  Philli])s  quarry  is  1:10  by 
65  feet  in  size  and  rectangular;  it  is  25  feet  deeji  to  the  level  of  the 
water  standing  in  the  bottom,  and  jirobably  extends  15  feet  (leejier. 

The  slate  seen  is  typical  of  the  hard  belt,  closely  ribboned  and  with 
rather  papery  weathering,  but  a])parently  subject  to  but  little  rusting. 
At  the  .surface  the  beds  near  the  west  corner  of  the  opening  strike 
X.65°E.,  and  dip  35°8.,  but  batten  lower  down,  so  as  to  dip  only  rp. 
Farther  south  the  diji  is  steejily  northwest.  The  (piarry  is  thus  in  the 
trough  of  a small  asymmetrical  syncline,  the  south  lindi  of  which  has 
the  .steeper  dip.  The  cleavage  (and  the  axis  of  the  fold)  sti-ikes  X.42'^ 
I'j.  and  di])S  55°S.,  an  unusually  steep  dip,  such  as  was  also  st'en  in  the 
iMount  Bethel  quarry.  The  grain  .sti'ikes  X.:)8°\V.  Pi-ominent  joints 
strike  X. 80-90° \V.,  and  diji  70-90°XE.  A less  conspicuous  .s\stem 
strikes  N.  20°W.,  dips  50-60°8. 

This  quarry  has  not  been  worked  since  1910  at  the  latest. 

4.  Miller  Quai'ry.  This  opening  is  almost  ti'iangular  in  form,  its 
longest  side  being  190  feet.  The  greatest  dejith  of  the  walls  is  20  feet 
to  -water  level,  but  the  opening  i.s  probably  at  least  40  feet  ch'epi'i’. 

The  slate  shows  jiapery  weathering,  but  is  otherwi.se  good.  The  beds 
in  the  northwest  corner  .strike  .\.10°AV..  dip  :i5°SW. ; cleavage  strikes 
X.63°E.,  dips  30°S.;  grain  trends  X.40°\V.,  and  is  genei'ally  vertical. 
The  structure  appears  to  be  the  axis  of  a west  pitching  anticline,  pro- 
bably complementary  to  the  syncline  seen  in  the  Phillips  (piarry.  Two 
.sets  of  joints,  both  striking  X.60°E.,  but  one  dijiping  80°X.,  tlie  other 
65°8.,  show  clearly  on  the  southwest  wall  and  were  probably  formed 
simultaneously.  Their  general  parallelism  with  those  observed  in  the 
Phillij)s  qnarry  is  noteworthy. 

Between  25  and  30  years  ago  the  ipiai-ry  was  operated  under  lease. 
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Quarry.  Al)Out  six-tentlis  of  a mile  clue  west,  of  the  road  intersection 
at  Johnsonyille  (Delaware  AVater  Ga])  sheet)  and  about  400  feet 
north  of  the  highway,  on  the  farm  of  Airs.  Aliller,  is  a hole  now  full  of 
boulders  and  showing  slate  only  in  fragments,  not  in  place.  The  slate 
chips  appear  to  he  closely  ribboned,  like  hard  slate,  but  it  is  thought 
that  this  opening,  like  the  Baft  quarry  south  of  AVind  Gap,  is  in  a 
lens  of  slate  beds  between  the  sandj-  layers  of  the  middle  Alartinsburg. 
This  opening  is  said  to  have  been  worked  for  slate  on  a small  scale 
some  time  ago. 

►South  of  the  residence  of  AIi-s.  Aliller  two  opeidngs  were  once  oper- 
ated, and  closely  riliboned  hard  belt  slate  was  obtained.  These  old 
excavations  are  now  filled  up. 

FLICKSVILLE  GROUP. 

►Several  <iuarries  are  dotted  over  the  outcrop  of  the  hard  belt  in  the 
neighborhood  of  Factory  vide  and  Flieksville.  Normally  their  ship- 
ping center  would  be  Flieksville,  on  the  Alartius  Creek  branch  of  the 
Bangor  & Boidland  (Delaware,  Lackawanna  & Western)  Eailroad. 

The  slate  is  the.se  quarries  is  in  the  hard  belt,  but  some  of  i!t  is 
characterized  by  especially  thick  beds,  suggesting  those  in  the  Batt 
quarry.  The  exact  stratgraphic  position  of  these  cpiarries  cannot  be 
determined. 

Several  of  the  openicigs  display  complex  folding  of  the  beds  around 
axial  phnies  that  are  almost  horizontal.  Otherwise  no  general  state- 
ment as  to  the  folding  involved  can  he  made. 

The  cleavage  shows  the  usual  strike,  generally  N.(i0-80°E.  A fairly 
generally  develojied  system  of  joints  strikes  aiiproximately  due  north, 
di])S  vertically  or  nearly  so. 

The  cpiarries  of  this  group  have  not  been  operated  in  several  years 
and  many  of  them  were  opened  long  ago.  All  are  now  abandoned. 
The  openings,  with  the  exce])tion  of  the  Time  Blue  cpiarry,  are  not 
large  and  their  jiroduction  Avas  relatively  unimportant.  The  yield  was 
roofing  slate,  fence  posts,  flagging,  and  grave  vaults. 

1.  Fy slier  Quarr)/.  This  small  and  long  abandoned  ojiening  is  one 
mile  EXIT  from  Flick, sville  in  a held  about  IbQ  feet  east  of  tlie  road. 

The  hole  is  triangular  in  outline  and  .A  feet  deep  to  Avater  leAml,  but 
Ihought  by  Air.  Bysher  to  be  22  feet  deep  to  the  actual  bottom.  The 
beds  dij)  gently  south  ; the  strike,  hoAvever,  could  not  be  measured, 
cleavage  strikes  N.48°E.,  dip  4()°^S. ; presumably  the  structure  here 
is  the  north  limb  of  an  anticline. 

The  (piarry  Avas  o])ened  40  years  ago  and  Avorked  for  3 years.  Roof- 
ing slate  Avas  produced  for  local  use  only,  an  old-fa.shioned  hor.se  der- 
rick being  employed  in  quarrying. 

2.  Foster  Quarry.  This  oiiening  is  on  the  Doster  estate,  about  800 
feet  up  the  Amlley  of  the  small  stream  that  ci-osses  the  highway  2000 
feet  south  of  Flieksville.  The  opening  is  80  feet  in  diameter  and 
roughly  circidar.  The  maximum  deiitli  is  probably  60  feet. 

The  slate  is  ty])ical,  closely  “ ribboned”  hard  slate.  The  beds  could 
not  be  distinguished  Avith  certainty  but  the  dip  seems  to  be  12°S.  The 
cleavage  strikes  N.70°E.,  dips  28°S.  Grain  trends  N.53°AV.,  dips  70° 
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E.  Twelve  .ioiuts  were  coimted,  seven  strikiiio'  iibout  due  iiortli  and 
dippino-  vertically,  and  five  striking'  N.7r)°E.,  also  veidical  in  dip. 

No  slate  lias  been  quarried  here  for  over  30  years. 

3.  Wagner  Qunrrij.  This  jilt  lies  seven-tenths  of  a mile  south  of 
Flicksville,  70  feet  east  of  the  main  IMartins  Creek  biyhway.  It  is  a 
circular  hole  50  feet  in  diamenter.  and  50  feet  deeji  at  most.  A little 
slate  shows  in  the  inaccessible  southeast  wall. 

Slate  was  first  quarried  here  in  1875  but  operations  ceased  after  3 
years  without  commercial  production. 

4.  True  Blue  (^uarru.  This  opening  lies  about  a cpiarter  of  a mile 
NNE.  from  Nazareth  -lunction,  and  west  of  tlie  IMartins  Creek  high- 
way. It  is  185  feet  by  275  feet  in  size,  and  tilled  witli  water  so  that 
the  true  hottoin  is  not  visible  and  only  15  feet  of  slate  are  exposed  in 
tlie  walls. 

The  slate  is  tyiiical,  closely  “ribboned'’  liard  slate,  it  is  partlv 
sandy  and  “rusts’’  (turns  brown)  somewhat  upon  weathering.  The 
best  beds  are  on  the  southeast.  Pyrite  is  not  uncommon  and  iijion 
wealthering  yields  a film  of  iron  sul])hate  on  the  reenti-ants  of  tie' 
quarry  walls. 

At  the  surface  the  stidke  is  N.()()-8()°E.,  and  the  dip  is  35°8.  near  the 
north  end  of  the  northeast  wall,  but  can  be  seen  to  reverse  to  a north 
dip  about  10  feet  below  the  siirface,  then  to  dip  .south  again  near  the 
bottom  of  the  opening.  Cleavage  strikes  N.65-75°E.,  ilips  35-4()°S. 
Ill  places  quartz  stringers  parallel  the  cleavage  planes;  tliis  is  espe- 
cially noticeable  on  the  southeast  wall.  The  gi'ain  strikes  N.(iU°W., 
dips  70°NE.  In  the  northeast  wall  .joints  trend  N.1()°W.,  dip  75°SW., 
and  are  very  conspicuous. 

This  quarry  was  opened  about  1865  and  operated  intermittently. 
After  a change  in  leasehold,  followed  by  a few  years  of  oi)eration,  it 
finally  shut  down.  The  products  inchuled  grave  vaults,  grave  covers, 
and  roofing  slate. 

5.  Friedman  Quarry.  The  Friedman  (piarry  is  on  the  hill  slope 
west  of  Martins  Creek,  and  1,5(10  feet  due  we.st  of  the  True  Plue  quarry. 
It  is  45  by  60  feet  in  size  and  25  feet  deep  to  water  level. 

The  slate  is  typical  hard  .slate,  closely  ribboned  and  siliceous.  The 
beds  strike  N.78°E.,  dip  about  8°S.,  but  were  not  accessible  for  accurate 
mea.surement.  The  cleavage  dijrs  27°S.,  strikes  N.85°W.  Grain  ap- 
pears to  trend  N.55°W.  A set  of  .I'oints  strikes  N.55-6()°E.,  dips  80- 
90°N. 

The  quarry  was  opened  on  a lease  about  the  year  1910,  but  no  slate 
was  ever  sold. 

6.  Delahole  Quarry.  A hard  belt  slate  quarry  lies  1.1  miles  due 
west  of  the  crossroads  at  Factoryville,  in  the  valley  of  a .small  stream, 
about  1000  feet  from  the  Werkheiser-Factoiyville  road.  It  measures 
about  150  by  80  feet,  and  is  probably  75  feet  deeii. 

The  slate  on  the  duni])  suggests  somewhat  that  .seen  at  the  l>att 
quarry,  li/^  miles  south  of  Wind  Caj).  The  largest  bed  is  2 feet  thick, 
and  there  is  much  clo.se  “ribboning”  with  highly  siliceous  laminae; 
some  carbonaceous  “ribbons”  up  to  2 inches  in  thickness  occur. 

As  no  .slate  outcrops,  the  actual  dip  and  strike  of  beds  could  not  be 
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(irtcnniiK'd.  SMiuIers'  ”'ivps  tlie  l)e(l(ling'  as  striking  N.60°E.,  dipping 
cS()°.S. ; tlie  cleavage  strikes  X.  di|)s  li5°>S.  Tlie  grain,  to  jndge 

by  the  J'orni  ol'  the  quarry  is  X^..j8°\V.  Quarrying  was  l)egnn  here 
ahont  1875.  No  machinery  remains  on  the  dump. 

BEI.FAST-EDEI.MAir  GROUP. 

Tlie  quarries  of  tliis  group  are  witliin  a radins  of  2i'2  miles  of  the 
village  of  Edelman  on  the  Delaware,  Lackawanna  & Western  Railroad. 
All  are  most  convenient  to  this  railroad;  shipments  may  be  made  from 
Easleytown,  Edelman,  Werkheisei-,  or  Eel  fast  dnnction.  Supplies  are 
purchased  from  Belfast,  and  here  also  reside  the  ipiarry  workmen. 

All  these  quarries  excejit  the  Batt  qnariw  are  in  the  hard  belt  and 
pi'odnce  typical  hard  slate.  Some,  like  Number  18,  19  and  20,  are 
low  down  in  the  lowest  member  of  the  iMartinslnirg,  bnt  others  are 
operating  in  nuich  higher  beds.  The  Batt  quarry  is  thonght  to  have 
operated  in  a lens  of  rocks  similar  in  most  ipialities  to  hard  slate,  bnt 
lying  between  beds  of  middle  IMartinsbnrg  sandstone. 

The  strnctnres  exjiosed  in  the  0]tenings  are  too  variable  to  permit 
any  generalizations.  The  strike  of  the  bedding  is  commonly  about 
N.80°E.,  whermis  the  cleavage  tends  to  have  a more  northerly  course 
and  dips  gently  south. 

In  at  least  two  (piarries  tliere  are  illnsti-ations  of  movement  along 
cleavage  planes,  snch  as  were  described  on  page  169  and  might  be 
called  “cleavage  idane  sli]).’’  A movement  of  this  type  is  described 
from  the  Edelman  and  Belfast  quarrie.s,  and  is  thought  to  be  present 
at  depth  in  the  Northampton  quarry. 

On  the  whole,  it  may  be  said  that  in  these  quarries  the  .ioint'ing  i.s 
very  regular.  One  .joint  .system  is  especially  prominent  in  all  open- 
ings,— that  striking  N.55-8()°p].  and  dii)ping  vertically. 

In  the  o])ening.s  of  this  gronji,  production,  being  entirely  hard  slate, 
is  confined  to  rooting  slate,  slabs,  fence  posts,  grave  vaults,  and  rarely, 
table  tops;  of  these,  roohng  is  by  far  the  most  important. 

Oidy  two  quarries  have  been  active  lately,  the  main  Belfast  quarry 
and  the  Edelman  quarry.  A small  production  in  the  early  part  of 
192.‘1  came  from  the  Theo.  Whitesell  and  Xhirthampton  quarries. 

1.  lUiti  Quurri).  This  old  qnariy  is  eight-tenths  of  a mile  N.60° 
W.,  of  the  church  at  Rasleytown.  It  is  60  by  100  feet  in  size  and  filled 
with  water.  The  beds  strike  due  east,  and  are  closely  folded.  Cleavage 
strikes  N.70°W.,  di])S  10°S.  Grain  trends  N.-17°W.  Well  developed 
joint  planes  strike  N.37°E.  and  dip  vertically;  one  such  forms  the 
northeast  side  of  the  opening. 

The  “ ribbons’’  in  tliis  slate  show  much  more  carbonaceous  matter 
than  is  usual  in  the  hard  belt,  yet  are  closely  spaced  and  generally 
half  an  inch  or  less  in  thickne.ss.  The  slate  gives  the  appearance  of  be- 
ing intermediate  in  character  between  the  slates  of  the  hard  and  soft 
belts.  It  is  thonght  that  this  opening  is  in  a lens  of  slate  between  the 
sandy  beds  of  the  middle  memlier  of  the  iMartinsbnrg  formation. 

ddie  quarry  is  on  the  old  Batt  farm.  It  was  operated  about  30  year.s 
ago. 

2.  Garr  Quarry.  This  opening,  which  is  ]75  by  125  feet,  lies  on 
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tlie  west  liaiik  of  Ituslikill  Ci-eek  and  east  of  tlie  I )ela\vai‘e,  Laelniwanna 
& Western  Eailroad,  about  tliree-(|nart('rs  ol'  a mile  sontli  of  Itasley- 
town.  The  hole  is  now  tilled  with  water  'fhe  b(‘ils  just  aeross  the 
stream  here  strike  X.7r)°E.,  dip  while  the  eleavane  strikes  X.S5° 

hk,  dii)S  d5°S. ; jn'esnmably  the  same  striietnre  is  |)i’esent  in  the  (|uari-y 
here  described. 

The  slate  on  the  diim])  has  a fi’ood  rinp',  ami  shows  I'clatively  i('w 
ribbons  for  hard  slate;  (jnartz  veins  are  common.  Tin'  (piari’y  Avas 
last  operated  in  19]  12. 

.7.  Lehr  (^iKirru.  Abont  1. ()()()  feet  X.8()°W..  from  Edciman  there 
is  a quarry  measAirinf>’  90  bv  70  fe<*t  and  about  40  feet  dec|).  4'he  beds 
strike  X.48°E.,  di|)  10°X. ; 'cleavaye  strikes  X.82°AY.,  dips  18°S. 

The  qTiarry  was  opened  in  1900  and  shut  doAvn  in  1907.  Some  roof- 
in<j:  .slate  is  piled  on  the  dnmp. 

4.  Edehiiaii  ()uorr\i.  This  (piai’i'y  is  abont  300  feet  Avest  of  the 
railroad  and  dOO  feet  north  of  thi'  station  at  Edciman,  measni'es  200 
feet  X.48°E.,  by  22.7  feet  X.38°W,  and  attains  a maximum  depth  be- 
neath Avater  level  of  170  feet. 

The  beds  are  thi'own  into  a sei'ies  of  open  folds  Avith  horizontal  axial 
planes,  two  ad.ioinino'  anticlines  and  the  intervenino-  syncline  bein^ 
Ausible  on  the  nortlnve.st  Avail,  In  one  ]dace  the  thickening'  ])rodnced 
by  snch  foldino'  sAvellcd  a bed  OfA  inches  thick  Avhere  the  dip  is  30° 
(that  is,  on  the  limb)  to  inches  on  the  axis  of  the  fold. 

The  .strata  in  the  ])resent  Avorkinn  lev<d  strike  X.fi7°E..  and  di]) 
A’arionsly.  The  cleavaii'e  .sti-ikes  X^()7-80°^Y..  diiis  10°  or  less  to  the 
south.  Grain  trends  X^.73°\Y.  A series  of  .ioint  strikes  X.]0°E.,  dips 
45-75°S. : another  .systi'in  strikes  X'.77-70°E.,  di]\s  vertically,  and  cuts 
off  the  .ioiuts  of  the  set  first  mentioned, 

Tn  addition,  the  old  hole,  estiecially  alou^-  tin*  AA'estern  Avails,  sIioavs 
an  almo.st  fiat-lyin<>'  sliiq)at>e  plane  strickin^'  X',fi7°E.,  and  dippinji' 
8-l()°.S,,  and  thus  parallel  Avith  the  cleavaq-e.  In  the  present  Avorkino- 
level  a similar  plane  is  seen.  Here  the  eleava«'e  is  curved,  and  thei-e 
is  evidence  of  movement  alonp-  a series  of  closely  spaced  cleavage 
planes,  A strinoer  of  (piartz  and  coarsely  crystalline  calcite  folloAvs 
this  disturbed  zone;  at  intervals  tlie  Avrinklino  of  the  cleavafre  is  un- 
usually con.spicuous  and  a spherical  or  lentionlar  mass  of  calcite  and 
(|uartz,  irreo'ular  in  outline  and  generally  elongated  pai'allel  to  the 
i-leavage,  if  at  all,  a^ipears.  Plate  11,  A shoAvs  a similar  featni'c  as 
seen  in  the  Belfast  quarry  (see  ]).  2H3). 

This  quarry  Avas  opened  by  the  pioneer  quarryman  Edciman,  after 
whom  the  railroad  station  Avas  named,  about  the  year  1870,  abandoned 
in  1900,  and  reo])eued  in  192:5  by  the  Then.  Whitesell  Hard  Yein 
Slate  Conqiany.  Eoofing  slate  alone  is  uoav  (ii'odueed. 

Bnrncii  Qnarni.  This  small  ])rosi)ect  lies  abont  840  feet  X".77°E. 
from  the  Pldelman  station  on  the  DebiAvai'c,  LackaAvanna  & Western 
Eailroad.  It  is  abont  30  feet  (b'ep  The  beds  strike  X.80°E.,  di]) 
12°X. ; the  cleaA’age  strikes  about  due  east,  dips  20°S.  Idie  ojiening 
AA'as  last  Avorked  in  1887. 

6.  Pennsijl veniia  (^Karrii.  The  o])ening'  is  immediately  east  of  Little 
Bushkill  Creek,  700  feet  south  of  the  Edelman  station.  The  measure- 
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meiits  are  SOU  by  250  feet.  The  strike  and  dip  of  bedding  and  cleav- 
age, resjiectively,  are  N.80°E.,  15°N.,  and  N.bO'^’W.,  40°S.  The  slate 
seems  to  ])e  good  except  for  pyrite  and  calcite  along  fractures.  Quarry- 
ing Avas  begun  in  1805,  but  the  pit  has  long  lieen  aliandoned. 

7 . Secm>  Quarry.  Tins  and  the  Allen  quarry  lie  1.200  feet  west  of 
the  Little  Bushkill  and  e([ually  distant  from  Edelmaii  and  AVerkheiser 
on  the  Delaware,  Lackawanna  & AA^estern  llailroad.  The  northern 
opening  is  the  Seem  quarry.  It  measures  about  150  by  100  feet  and 
is  separated  from  the  Allen  (piarry  by  a wall  8 feet  AA'ide  along  its! 
.soutlnvest  side.  The  de])th  is  not  knoAvn,  but  25  feet  of  slate  show 
above  water  level.  At  the  surface  the  hard  slate  beds  strike  N.80°E., 
dip  20°N. ; the  cleavage  strikes  N.50°AV.,  dips  13°»S.  Prominent  joints 
trend  N.60-80°E.  and  dip  vertically.  The  <|uarry  has  not  been  in 
operation  for  the  last  20  years. 

8 Allen  Quarry.  This  lies  close  to  the  Heem  quarry;  the  vmll  that 
forms  the  southAvest  edge  of  the  latter  is  the  northeast  side  of  the  open- 
ing' here  described.  The  Allen  (piarry  is  a rectangular  hole  about  100 
feet  square,  Avith  a projection  from  the  south  corner.  It  is  said  to  be  the 
deeiier  of  the  tAvo  oiienings;.  It  sIioaa's  the  same  structural  features  as 
the  8eem  quarry.  Operations  ceased  about  1912. 

,9  Northampton  Quarry.  This  is  a large  opening  at  least  175  feet 
deep  to  Avater  level,  and  said  to  have  been  350  feet  deep  when  AA^orking. 
It  is  500  feet  northeast  of  the  station  of  Werkheiser  on  the  Delaware, 
LackaAA’anna  & AAmstern  Ilailroad.  In  ground  ]dan  it  is  rectangular  and 
measures  400  by  225  feet,  the  longer  dimension  extending  N.55°E. 
A smaller  (juarry,  100  by  200  feet  in  size,  lies  400  feet  SE.  of  that  de- 
scribed. 

The  general  strike  of  the  beds  in  tbe  large  opening  is  X.80°E.  to 
X.80°AV.  The  dip  is  very  variable,  being  generally  nortliAvard,  Avith 
repeated  close  folds.  CleaAmg'e  strikes  N.50°E.,  dii)s  5°  to  10°S.  At 
depth  the  cleavage  is  good,  apjiarently  beneath  a fiat  joint  or  cleavage 
plane  that  bears  calcite  and  closely  resembles  the  cleavage  slip  seen  in 
the  Edelman  quarry.  The  close  jointing  proved  disadvantageous  to 
quarrying.  The  bottom  is  not  accessible  and  Avas  therefore  not  studied 
in  detail. 

The  smaller  hole  shoAvs  beds  striking  due  east,  and  dipping  12°N. ; 
the  cleavage  strikes  N.70°E.,  di]is  12°S.  There  is  less  OATrfolding  here 
than  in  the  larger  quarry.  Vertical  joints,  tending  to  curAT  doAvmvard, 
strike  N.55°E.  There  are  also  numerous  minor  curved  joints  Avhich 
seriously  interfered  AAuth  quarrying. 

These  openings  Avere  made  by  the  Northampton  Hard  Vein  Slate 
Com])any  in  1885.  AA"oi-k  Avent  on  until  the  spring  of  1923,  even 
through  the  period  of  the  Great  AA"ar,  but  the  partnership  Avas  dis- 
soh'cd  in  1924. 

10.  Just  south  of  the  road  from  the  Northami)ton  quarry  to  AAnrk- 
heiser,  and  east  of  Little  Bushkill  Creek,  is  a small  opening  60  by  80 
feet  in  ground  jJan.  The  beds  strike  N.80°E.,  diji  65°N.,  Aidth  at  least 
one  close  fold  shoAA’ing  in  the  north  wall.  Tavo  N.60°E.  joints  are  .seen. 
Some  good  roofing  slate  lies  on  the  dump. 

11.  In  the  valley  flat,  just  Avest  of  the  Little  Bushkill  and  about  half 


a mile  soiitli  of  the  station  of  Werkliei.ser,  is  an  old  slate  quarry 
measuring  70  b.y  40  feet  in  area,  it  is  said  to  have  been  65  feet  deep 
but  Avater  iioav  tills  it  to  the  top.  A few  old  slates  on  the  dump  seem  to 
be  of  good  (juality.  It  is  said  that  a drill  core  Avas  obtained  in  this 
opening  and  at  50  feet  beloAv  the  (juarry  bottom  (total  depth  115  feet 
beloAV  surface)  a plane  of  movement  Avith  clayey  gauge  and  closely 
spaced  joints  Avas  eneonntered.  This  aiqiarently  re])resents  another 
cleaA'age  slip.  The  opening  has  long  been  deserted. 

12.  Theo.  Whifesell  Quarry.  This  large  opening  i.s  about  4,000 
feet  S.30°E.  from  the  station  of  Werkhelser  and  2.000  feet  east  of 
Little  Bushkill  Creek.  It  is  irregular  in  shai)e  and  measures  roughly 
240  feet  X.20°'\Y.  by  285  feet  X.50°E.  The  beds  are  A'irtually  horizon- 
tal. There  is  none-  of  the  rejieated  overfoldiny  seen  iii  the  Xorthani])- 
ton  quarry.  The  “ribbons”  seem  to  be  somcAvliat  farther  apart,  and 
less  conspicuous  than  in  most  hard  slate.  The  cleavage  strikes  X^.80°E., 
dips  18°SE.  Grain  trends  X.50°W.  Prominent  joints  strike  X^.75°E. 
to  X.80°5V.,  Avith  dips  varying  from  70°S.  to  vertical.  A less  conspicu- 
ous system  strikes  N.70°E.,  di]xs  at  angles  of  about  45°X.  A feAV  ir- 
regular joints  stidke  X.30°E.  The  two  main  sy, stems  are  closely  con- 
temporaneous, as  they  cut  each  other  indiscriminately.  The  outstand- 
ing feature  of  these  joints  is  their  general  parallelism  in  strike. 

This  quarry  Avas  ojAerated  by  tbe  Theo.  ’Whitesell  Conquiny  of 
Easton.  The  Avork  ceased  in  1924.  A full  line  of  rooting  slate  Avas 
produced. 

13.  — 14.  Tavo  small  ])rospeet  ])its  lie  immediately  east  of  the  Theo. 
Whitesell  quarry.  The  northern  is  by  far  the  larger  opening.  In  it 
the  beds  are  horizontal  and  the  cleavage  strikes  X.S0°E.,  dips  18°S. 
The  grain  trends  X.40°AY.,  dips  stetqily  noi-theast.  A set  of  joints  strik- 
ing X.80°E.,  and  dipping  80°S.  is  conspicuous. 

15.  Pritchard  Quarry.  This  old,  deserted  (piarry  lies  8i.25°E.  of 
the  station  of  AYerkheiser,  up  a small  valley  that  enters  the  Little 
Bushkill  from  the  east.  Its  maxinu;m  dimensious  are  200  Oa"  80  feet 
and  Avater  rises  to  AA’ithin  5 feet  of  the  surface.  The  slate  is  typical 
hard  .slate.  clo.sely  banded.  The  bedding  strikes  X.72°E.,  and  dips 
15°X.  CleaA'age  planes  strike  X.35°E.,  dip  18^8.  The  quariy  Avas 
operated  in  the  years  1854  to  1878,  but  is  uoav  abandoned. 

16.  Old  Belfast  Qua)-ry.  This  small  quarry  lies  700  feet  Avest  of 
the  Belfast-AA^ind  Gap  higliAA'aAg  due  AAest  of  the  Belfast  school.  It 
measures  85  by  125  feet.  The  de]ith  is  20  feet  to  Avater  IcA^el,  but  prob- 
abb^  extends  60-80  feet  deeper. 

The  bedding  is  horizontal  in  the  south  end  of  the  opening  and  dips 
gently  north  at  the  north  end.  The  cleavage  .strikes  Xk80°E.,  dips 
28°S.;  grain  trends  X.48°AY.  A system  of  ]irominent  joints,  striking 
X.55-70°E.  and  dipping  A^ertically  or  nearly  .so  is  Avell  developed;  joints 
of  this  set  form  the  longer  AA'alls  of  the  opening. 

17.  Belfast  Quarry.  This  large  cpiarry  lies  dim  AA’est  half  a mile 
from  the  schoolhouse  in  Belfast,  north  of  the  road  from  Belfast  to 
Jacksonburg,  and  east  of  Bushkill  Creek.  The  opening,  Avith  seA^eral 
jogs  in  its  Avails,  is  roughly  rectangular,  measuring  in  ground  plan 
185  feet  by  137  feet.  It  is  about  150  feet  deep  to  the  loAvest  leA^el,  AAdiieh 
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A.  .Jointiiia’ 
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in  iiortiH'nst  side  of  lielfast  quarry,  lookin'^ 
of  southwest  side;  several  major  Joints  strike 
and  di))  almost  vertically. 
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is  partly  under  water.  Opei-ations  liave  prooressed  on  sevei'al  snh- 
levels. 

Fresli  slate,  suitable  for  sale,  is  (piarried  15  feet  below  the  snrlaee. 
The  beds  are  typical  bard  slate;  on  tbe  lowest  level  they  are  somewhat 
more  siliceous  and  not  profitably  quarried.  At  the  surface  the  strike 
is  N.80°W.,  dip  7°X.  On  the  next  lower  level  the  di])  and  striln*  are 
similar,  but  on  the  lowest  working'  level  (de])th  100  feet)  the  stiaifa 
take  a sharp  turn,  dipping  fii-st  2()°N..  then,  at  a depth  of  about  TJO 
feet,  45°S..  and  finally,  in  the  vei'y  deepest  part  of  the  (piari'y,  being 
again  reversed,  :l°X.  A])i)roximately  the  same  strike  is  maintained 
by  the  beds  thronghont. 

The  cleavage  strikes  approximately  due  east,  and  varies  in  diji  from 
5°  to  22°>S.  Grain  ti'ends  on  an  average  X.40  W.,  and  is  vertical. 
The  jointing  in  this  qnai'ry  is  very  regular.  All  joints  sti'ikt*  north- 
east, and  by  far  tbe  greater  part  between  X.tiO"  and  SO'"!!.  Tbe  dips 
are  generally  steep,  varying  between  (15°  and  lletwi'en  two 

larger  joints  it  is  eonimon  to  find  a set  of  smaller  compensating  joints, 
their  strikes  making  angles  of  45°  or  less  with  the  main  joints  and  their 
dips  about  the  same  in  magnitude  and  direction  as  those  of  tbe  latter. 

About  5 feet  below  the  loAvest  working'  levid  and  10  feet  above  it 
respectively  are  two  “floors’'  (in  tbe  vernacular  of  the  qnarr^ymen)  or 
cleavage  slip  planes.  Plate  11,  A,  is  a photograidi  of  the  lower  cleav- 
age sliji.  This  is  a zone  about  10  inches  thick  (at  right  angles  to  its 
plane)  and  parallel  with  the  cleavage.  Above  and  below  it  the  slate  is 
solid  and  the  beds  dip  20°X'^.,  the  eleavage  20°S.  In  the  cleavage  sliii 
itself  the  movement  has  accentnated  the  cleavage,  so  that  the  slate 
breaks  into  thin  slivers.  There  is  little  tendency  for  cleavage  planes 
actually  to  curl,  but  they  are  more  irregtdar  than  those  beyond  the 
zone  of  the  slip.  The  slip  zone  eontahis  lenticrdar  masses  of  ipiartz 
with  carbonaceous  and  sericitic  inclusions,  the  lenses  being  inclined 
southward  more  steeply  than  the  eleavage.  These  relations,  as  well  as 
the  offsetting  of  joints  above  and  below  the  zone  of  movement  and  the 
fact  that  the  beds  above  tbe  zone  dip  north  Avhile  those  below  dij)  steep- 
ly .south,  suggest  that  there  has  been  horizontal  movement  along  tbe 
cleavage  slip  zone,  the  upper  side  moving  north. 

In  the  higher  of  tbe  two  zones  of  movement  there  are  not  merely 
quartz  lenses,  bnt  quartz-tilled  gash  joints,  dipping  ])arallel  with  tlie 
lenses.  In  this  case  the  joints  above  the  slip  zone  are  offset  noi'thward 
4 inches  above  those  below. 

Xnmerons  irregular  joints  or  “scows,”  roughly  i)ai'allel  iu  strike 
with  the  grain,  but  dipping  .■10-ti()°XK.  or  S\V.  are  also  seen  in  this 
opening. 

Slate  was  first  quarried  here  in  1884  by  Amen  irughes;  operations 
have  been  discontinous  since  then.  From  1918  to  1926  they  were  con- 
tinuous, but  iu  the  latter  year  tpiarrying  was  stoi)ped.  The  products 
have  included  rooting  slate,  flagging,  fence  i)()sts  and  grave  vaults. 
Fence  posts  were  sold  here  in  1924  at  about  20  cents  apiece. 

18.  At  Belfast  .lunction,  200  feet  south  of  the  secondary  road  that 
crosses  the  Little  Bushkill  here,  and  east  of  the  stream,  is  a small  rec- 
tangular opening,  25  by  30  feet  in  areal  dimensions  and  25  feet  deep. 
Slate  showing  on  the  walls  strikes  X.(iO°E.,  and  di]i.s  2()°S.,  but  i\Ir.  IT 
S.  Whitesell  of  Easton  asserts  that  cement  rock  was  encountered  at 
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depth.  It  thus  appears  tliat  the  opening-  is  near  the  base  of  the  Mar- 
tinshnrg  formation. 

19.  Henry  Quarry.  Tlii.s  old  opening  is  2,000  feet  sontheast  of 
Filetown  and  about  miles  dne  west  of  Belfast  Jnnction.  It  is  about 
80  by  120  feet  in  area  and  ai)])roximately  40  feet  deep. 

In  the  northeast  eorner  the  cleavage  strikes  N.50°E.,  dips  13°S.  The 
bedding-  is  nowhere  accessible  to  aecnrate  measnrement,  bnt  appears 
to  strike  about  N.65°E.,  with  a dip  of  50°S.  Grain  trends  N.48AV., 
dips  80°S.  Some  poorly  developed  joints  strike  N.80°AV.  and  are 
vertical.  The  slate  on  the  dump  shows  moderately  thick  beds.  Some 
rooting  slates,  already  punched,  were  also  to  be  seen.  The  quarry  Avas 
last  operated  about  40  year.s  ago.  The  iiroduct  Avas  good  rooting  mater- 
ial that  found  much  favor,  especially  in  Nazareth. 

.20.  IlalfAvay  betAA-een  FiletoAvn  and  Cherry  Hill  and  about  300  feet 
nortliAvest  of  the  road,  is  a small  opening  measui-ing  35  by  15  feet  and 
5 feet  deep  to  Avater  leAml.  The  beds  strike  N.70°E.,  dip  40°S.,  Avhereas 
the  cleavage  strikes  N.80°E.,  dips  11°S.  Tyi)ieal  hard  slate  is  expos- 
ed. The  structural  relations  are  those  of  the  north  limb  of  a nortlnvard 
overturned  anticline.  The  opening  is  clearly  no  more  than  a prospect. 
Its  history  is  not  knoAvn. 

CHAPMAN  GROUP. 

A number  of  quarries  in  the  hard  l)elt  are  scattered  throughout  the 
area  di-ained  by  Monocaey  Oh-eek  and  lying  between  the  outcrop  of  the 
“cement  rock”  or  JacEsonburg  limestone  to  the  south  and  the  southern 
fringe  of  the  middle,  sandy  member  of  the  Alartinsburg  formation. 
They  are  lumped  together  under  the  title  of  Chapman  group,  merely 
because  the  present  (and  probable  future)  production  centers  around 
the  station  of  Chapman,  on  the  Lehigh  & Ncav  England  Railroad  (Fig- 
ure 64).  The  most  logical  and  common  commercial  center  for  the 
quarries,  however,  is  the  toAAUi  of  Bath. 

The  beds  exposed  are  all  in  the  hard  belt,  and,  as  the  separate  beds 
bear  no  marks  by  Avhich  they  can  he  readily  distinguished  from  those 
above  and  beloAV,  the  correlation  of  the  strata  in  one  quarry  with  those 
in  another  is  impossible.  The  hai'd  slate  member  is  throAvn  into  re- 
peated folds,  AA-hieh,  though  generally  small,  are,  as  far  as  the  quarries 
expose  them,  not  very  “tight,”  that  is,  they  have  large  opening  angles. 
The  cleavage  is  regular,  and  generally  strikes  N.55-80°E.,  AAdth  gentle 
south  dips. 

Favdting  is  rare,  only  one  case  being  recorded,  and  even  in  this  in- 
stance the  displacement  does  not  exceed  a foot.  Some  slippage  along 
cleavage  planes  is  suggested  in  the  Chapman  Standard  quarry  and  in 
the  tAvo  Chapman  quarries. 

The  jointing  Avas  studied  in  great  detail  only  in  the  three  openings 
just  mentioned;  the  strike  of  most  of  the  joints  is  about  N.60°E.,  and 
dips  are  vertical.  This  system  is  not  conspicuous,  and  is  generally 
com])ensated  by  joints  Avith  similar  strikes  but  gentle  dips. 

The  grain,  as  usual,  ti-ends  northAA'est. 

The  outstanding  products  of  the  Chapman  group  of  quarries  is  roof- 
ing slate  of  the  t.Aqncal  “ribboned”  A-ariety,  but  slate  for  various  struc- 
tural inirposes  for  AA'hich  milling  is  not  needed  is  also  obtained.  This 
includes  grave  vaults,  fence  posts,  and  Avail  boards. 
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Three  openings  were  operated  in  this  group  in  ]92()  l)y  the  Cliapnian 
Slate  Company. 

1.  Graher  Quarry.  This  pit  is  in  the  stream  valley  about  a mile 
due  west  of  the  Chapman  quarry.  It  is  a small  oi)ening,  long  deserted, 
showing  a little  closely-ribboned  slate  on  the  dump.  No  slate  is  seen 
in  place  above  the  water  which  fills  the  hole. 


^1X13  Quarry  ^ Strike  of  vertical  beds 

Dip  and  strike  of  beds  ^ Dip  and  strike  of  cleavage 

Fig.  64.  Maj)  of  Cliapnian  and  environs. 


2.  The  ^yelshman's  Quarry.  This  is  N.(i5°W.  seven-tenths  of  a 
mile  from  the  station  at  Chapman,  and  about  1,0(10  feet  west  of  the 
Ryan  quarry.  It  is  a small  pit,  aboirt  100  feet  in  the  greatest  length, 
the  depth  probably  not  exceeding  20  feet.  Ceologie  features  are  in- 
distinct. In  the  southwest  corner  the  beds  strike  N.40°E.(?),  dip 
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; the  cleiivjij’e  strikes  X.(i()°E.  (?),  (lij)s  5°S.  The  slate  appear.s 
t()  1)(‘  of  good  (piality,  l)iit  very  irregular  joints,  wliieli  jirobably 
liiiidei'ed  (piari'ying,  are  seen  on  the  walls. 

3.  Ryan  Quarry.  Tliis  opening  is  1,200'  feet  due  west  of  the  Chap- 
man Standard  <iuarry  and  is  west  of  the  road  from  Chapman  to  Kleck- 
nersville.  It  is  200  feet  squai-e.  The  depth  was  at  least  75  feet. 

In  the  .southwest  corner  of  the  quarry  a little  slate  is  seen.  It  is 
closely  “ribboned”  and  appears  to  be  of  good  quality,  Avith  no  excess 
rusting,  (piartz-til led  crevices,  pyrite,  or  curved  cleavage.  The  beds, 
though  not  accessible,  are  estimated  to  strike  N.70°E.,  and  to  dip  40‘''N. 
Cleavage  aiipears  to  dip  7°S.  Grain  trends  N.38'^W.  A very  regular 
vertical  joint,  striking  N.60°E.,  forms  the  southea.st  quarry  Avail. 
Quarrying  was  discontinued  in  1893. 

■7.  Bethlehem  Quarry.  This  quarry  is  about  400  feet  .soutluvest  of 
the  Chapman  Standard  and  just  north  of  the  road  from  Chapman  to 
KlecknersAulle.  It  is  160  by  60  feet  in  size,  and  is  filled  Avith  Avater, 
though  some  slate  shoAvs  aboA'e  Avater  level  on  the  sides. 

The  rock  exjio.sed  is  typical  of  the  hard  belt.  At  the  highest  point 
in  the  quarry  Avail  the  beds  strike  N.70°E.,  dip  southeast  about  40°, 
then  the  dip  decreases,  and  steepens  again  loAver  down  (see  Figure  65)  ; 
in  this  fohling  there  is  a notable  lack  of  thickening  of  beds  on  the 
crests  and  troughs. 


Fig.  05.  Xoi-theast  wall  of  liethlelicin  ipiarryi  to  show  turn  in  dip  of 
beds.  From  southwest  side  of  opening'. 

The  cleavage  strikes  N.57°E.,  dips  18°S.  Grain  trends  N.40°W. 
The  joints  are  notably  I'cgular  and  fall  into  one  .system;  all  major  joint 
planes  strike  X.()2-68°E.,  and  are  vertical.  HetAveen  these  major  fract- 
ures there  are  commonly  minor  crevices  striking  N.50-60°E.,  Avhich 
sto])  abruptly  at  their  intersections  Avith  the  major  fractures. 

This  quarry  Avas  o])ened  before  the  Chapman  Standard,  and  Avoik 
was  abandoned  approximately  at  the  time  of  the  beginning-  of  opera- 
tions in  the  latter  quarry. 

5.  Chapman  Bfandard  (Quarry.  The  Chapman  Standard  quarry  is 
one  of  the  feAv'  iu  the  Chapman  group  that  has  been  ojierated  in  recent 
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years.  It  is  250  feet  southwest  aiul  virtually  alou^'  the  strike  from  the 
large  Chapman  (piarry.  In  ground  j)lan  it  is  a rhombic  opening  about 
250  feet  on  each  side. 

The  strata  exposed  are  all  typical  of  the  hard  belt,  being  closely 
“ribboned,’"  witli  many  siliceous  layers  and  only  a few  beds  excei)t- 
ionall.v  rich  in  carbonaceous  matter.  The  opening  exhibits  well  the 
folding  characteristic  of  the  lowest  members  of  the  .Martinsburg  form- 
ation. At  the  very  surface,  in  the  north  corner,  the  strike  is  X.80°E., 
and  the  dip  75°S.,  but  in  the  south  corner  the  dip  is  north,  owing  to 
the  emergence  between  these  points  of  an  anticlinal  axi.s  that  dips  south. 
Midway  along  the  northeast  side,  a synclinal  axis  is  encountered  in 
the  descent.  Below  this,  at  50  feet  of  depth  another  anticlinal  axis 
is  seen,  and  at  a de])th  of  80  feet  one  more  syncline,  the  beds  here 
striking  X.75°E.,  and  dijiping  80°X^.  These  folds  (see  Figure  00)  are 
open,  with  little  thickening,  if  any,  on  the  crests  and  troughs. 


Fig.  60.  Sketcli  of  iiorthoa.st  wall  at  east  coiner  of  riiapiiiaii  Stand- 
ard quarry,  as  seen  from  flooi’  of  qnarr.v;  shows  changes  in  dip  of  bed- 
ding, and  intersection  of  .joints  dipping  45°S.  with  others  dipping 

vertically. 

The  cleavage  stidkes  X.60-70°E.,  dips  about  15°S.  wherever  observ- 
ed. Some  is  curved.  Grain  trends  X.50°\V..  and  is  vertical,  dointing 
was  studied  in  detail.  Of  23  joints  rec'orded  in  the  bottom,  20  stiikc 
between  X".53°  and  80°  E.;  all  exce])t  one  have  a dip  of  (i0°  or  more, 
although  the  direction  of  dij)  varies,  being,  about  etpially  distributed 
between  north  and  south.  Four  of  the  prominent  X.58°E.  joints  are 
continuous  from  to])  to  bottom  of  Ihe  oiiening.  The  more  nearly 
vertical  joints  not  uncommouly  i)ass  up  or  down  into  less  .steejdy  di})- 
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pint?  joints,  with  Avhicli  they  unite.  In  other  cases  they  are  offset  by 
and  theniselATs  offset  the  joints  of  loAver  dip.  The  joint  surfaces  are 
not  nncommonly  coated  with  quartz  or  calcite ; the  calcite  coats  the 
sides  of  the  joint  creAdces,  tlie  quartz  being  central ; this  relation  is 
interpreted  as  nieaning  that  tlie  (piartz  Avas  the  last  mineral  deposited. 

A noteAA’orthy  feature  is  the  presence  of  tAAUi  cleavage  slip  planes, 
one  aljout  20  feet,  the  other  30  feet  l)eloAv  the  surface.  Neither  is  ac- 
cessihle,  but  shoAV  a AAdiite  mineral  (quartz?)  in  the  zone  of  the  plane. 
Neither  givTS  absolute  eAudence  of  moATinent  and  both  are  crossed  bj' 
all  major  joints,  though  a few  less  conspicuous  fractures  stop  at  these 
planes. 

The  Chapman  Standard  quarry  Avas  opened  in  1860.  After  a long 
period  of  operation  by  the  Chapman  Standard  Slate  Company  of  Phila- 
delphia, it  Avas  purchased  in  1926  liy  the  Cha])man  Slate  Company. 
The  products  have  iucluded  roofing  slate  and  some  slate  slabs. 

6.  Chapman  Qaarrjj.  Tavo  large  holes  constitute  the  Avorkings  of 
Ihe  Chapman  Slate  Company,  one  of  the  oldest  producers  of  slate  in 
Nortliampton  County.  They  are  almost  continuous,  being  separated 
by  a Avail  of  rock  only  about  50  feet  Avide.  They  lie  betAveen  and  along 
the  strike  f)f  the  Keystone  and  Chapman  Standard  quarries,  and  rough- 
ly 1,200  feet  north  of  the  Chapman  station.  The  Avest  opening  is  the 
smaller.  It  is  roughly  rectangidar,  about  450  feet  long  by  300  feet 
Avide,  and  130  feet  deep.  The  east  ()])ening  is  irregular  in  shape,  has 
about  the  same  Avidth,  hut  is  1,000  feet  long,  and  rNals  the  largest 
quarries  in  the  Bangor  and  Pen  Argyl  districts  in  A’olume;  its  depth  is 
150  feet.  At  lu'esent  much  of  each  of  the  openings  is  filled  AA'itli  waste 
and  AAUiter  stands  in  the  bottoms  of  both.  In  1924  quarrying  AA'a.s  in 
I'l'ogress  at  the  .soutlnvest  end  of  the  Avest  hole  on  tA\m  step-like  levels 
beneath  the  surface,  and  at  the  northeast  end  of  the  east  hole  on  two 
similar  levels. 

The  geology  of  these  tAvo  openings  cannot  here  be  described  in  great 
detail,  but  the  outstanding  features  may  at  least  be  mentioned.  A 
separate  description  is  merited  for  each  opening. 

The  soutlnvest  (piarry  shoAvs  slate  under  an  8 foot  oA'erburden  of  clay 
set  Avith  slate  ehi])s.  The  beds  at  the  surface  strike  N.60-70°’E.,  and 
dip  30°S.  in  tlie  south  corner.  Aqiproximately  the  same  strike  is  pre- 
served throughout  the  depth  of  the  openings,  but  the  dip  reverses  itself 
several  times;  in  fact,  parts  of  the  two  anticlinal  folds  that  Avere 
desci-ibed  in  the  Chainnan  Standard  quarry  are  Ausible  in  the  northeast 
Avail,  Avith  this  difference,  that  the  greater  erosion  and  the  depth  in  the 
Cha])man  quarry  caused  the  surface  to  be  carried  beueath  the  highest 
anticline  of  the  Clia|)nuni  Standard  and  there  is  displayed  instead,  an 
anticlinal  axis  at  the  very  bottom  of  the  openings,  where  the  beds  dip 
80°  S. 

As  the  planes  of  these  folds  strike  N.70°E.,  Avhereas  the  greater  part 
of  the  southeast  (piany  Aval]  trends  N.60°E.  along  a joint,  traces  of 
these  folds  on  the  southeast  quariy  Avail  give  the  effect  of  half-eclipses 
instead  of  arcs  of  circles,  snch  as  they  really  are,  and  of  great  flatten- 
ing and  thickening  in  the  troughs  and  crests  (see  Plate  53,  A)  ; how- 
evei’,  both  these  imj)i'essions  are  seen  to  be  incorrect  Avhen  the  northeast 
wall  is  vicAved  along  the  .strike  (Figure  67). 
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A.  Surface  of  conspicuous  .joint  striking;  X.()(>°K.,  on  southeast  side 
of  west  oi)eniug',  f’hai>nian  (iiiarr.y;  to  show  pro.jeciions  of  folds  on  this 

sui'face. 


B.  Southwest  Avail  of  west  opening  of  Cliapinan  <iuarr,v,  as  vievved 
from  noi'tli  corner;  to  show  the  iidluence  on  quari'.ving  of  the  strong 
.joints  striking  N.(»5°E.  and  dipping  A-erticall.y, 
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Tlie  cleavage  strike.s  geiiei-ally  al)out  N.70°E.,  dips  12-20°8.  Grain 
trends  N.41°W.,  and  is  vertical. 

Joints  torni  many  of  the  smooth  faces  seen  on  tfie  quarry  -walls.  The 
most  consiiicuous  strike  N.6()-70°E.,  dip  vertically  or  steeply  to  the 
north.  Locally  these  jiass  downward  into  joints  of  lower  dip,  but 
more  commoidy  they  liold  their  courses  across  the  more  gently  dipping 
joints.  (3ne  of  the  vertical  joints  forms  most  of  the  sonthea.s't,  and  an- 
other much  of  the  noidhwest  walls,  and  two  others  pass  completely 
across  the  (|uarry.  .Minor,  compensating  joints  strike  parallel,  l)ut  dip 
J3-60°S.  These  are  geneiadly  cut  by  the  joints  having  the  steeper  dip. 
The  pattern  outlined  is  very  closely  similar  to  that  seen  in  the  Chap- 
man Standard  (|uarry.  Some  of  the  joint  ])lanes  liear  coatings  of  fibrous 
calcium  carbonate. 


Fig.  (>7.  Diagraniinalic  sketch  of  folding  in  northeast  wall  of 
west  opening,  Ohai)inan  quarry,  as  viewed  from  southwe.st  side.  Oom- 

liare  with  Fig.  titi. 

The  regularity  of  these  jointing  -systems  is  well  disiilayed  in  the 
])hotograph,  Plate  58,  B. 

Though  seeming  more  complex  in  structure,  the  geology  of  the  east 
quarry  is  similar  to  that  of  the  west  o|)ening  and  to  the  Chapman 
Standard  {piarry.  The  anticlinal  axes  are  at  dejiths  of  30  and  100  feet. 
The  same  fold  traces  are  seen  in  the  -southeast  wall  (see  Pig.  68),  as  in 
the  corresiionding  side  of  the  west  opening,  though  here  not  so  readily 
[lieced  togethei-  hecause  of  the  presence  of  irregidar  reentrants  in  the 
walls.  At  the  surface  on  the  northeast  side  of  the  hole,  the  beds  strike 
N.70°E.,  dip  28°S.,  but  about  40  feet  below  the  surface  the  dip  is  verti- 
cal. The  cleavage  strikes  approximately  N.60-65°E.,  dips  15°S.  Grain 
trends  N.40-47°W.,  and  is  vertical. 


(MIAP.MAX  (;U()ri' 
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•Jointiuj;'  is  well  iiuirked.  fii  cuUlition  to  luaiiy  lesser,  ii'i'e^ularl y 
curving,  and  g’enerally  irnn-.stained  joints,  called  “'Cows"  by  the 
(j[narrymen,  there  is  the  same  system  of  major  joints  striking  X.oo-SO®  K. 
and  dip]dng  vertically,  and  a set  of  fractures  that  strike  X.l()°W.-]()°  K. 
dii)i)ing  steeply.  An  nnnsnal  set  of  foiii-  joints  stihkes  X.3-)°K.,  dips 
75°S.  As  in  the  opening  to  the  west,  many  of  the  joiijts  are  coated 
with  calcite. 

A rather  nnnsnal  feattu'e  is  the  presence  of  minoi'  faulting  parallel 
with  the  cleavage  and  apjiarently  relieving  the  small  folds.  This  is 
well  shown  in  some  of  the  rusty  beds  on  an  abandoned  working  level 
east  of  the  present  working  level.  A small  fault,  similar  ■"()  those  in  the 
Jackson  Jfangor  quarries  and  having  a displacement  of  one  foc't,  is 
seen  in  the  southeast  wall  of  the  working  level.  The  plane  could  not 
he  meastired.  but  it  is  clear  that  the  beds  beneath  it  moved  forward,  the 
fault  in  this  respect  again  i-e.sembling  those  of  the  Jackson  Itangor 
openings. 

Production  has  been  continuous  since  the  opening  of  the  (piaiiy  in 
1850,  but  was  severely  naluced  during  the  war,  the  cost  of  production 
having  about  doubh'd  betw(‘en  1014  and  1018. 


The  products  include  all  sizes  of  roofing  slate.  A feature  is  the 
making  of  especially  thick  slate  ui)on  order;  this  slate,  three  (piarters 
of  an  inch  in  thickness,  is  used  to  im])art  a rustic  finish  to  resid<>uces 
designed  to  resemble  oUl  manor  houses.  The  standard  sizes  of  rooting 
slate  pi’oduced  vary  np  to  16  by  27  inches,  with  a thickness  of  0.25  inch. 
Occasional  orders  are  received  for  heavy  flagging  for  garden  walls. 
Orave  vaults  and  fence  posts  also  are  made.  About  thirty  years  ago 
blackboards  were  i)roduced,  i)oli.shing  being  done  with  the  aid  of  dia- 
mond dust. 

7.  Keifsioiie  This  opening  is  about  2.000  feet  nor1  h of  the 

station  at  C'hapman  and  immediately  Avest  of  the  railroad.  It  is  270 
hy  325  feet  in  maximum  dimensions  and  is  s;iid  to  be  250  feet  deein 
but  is  now  tilled  with  Avater. 

The  bedding  could  not  be  seen  from  the  surface.  The  cleavage  ap- 
])eai\s  to  strike  X.60°E.,  and  dips  20°S.  SeA’eiad  joints  AAere  seen 
striking  X.6()-70°K.,  dipjiing  70-00°\V.  ; three  of  th(*se  foion  the  north- 
Avest  Avail  of  the  opeiung. 

This  (quarry  Avas  opened  al)out  1860  and  opei’ated  nntil  1014. 


272 


SI. ATE  IX  PENXSYIA'AXIA 


8.  A small  cut  in  the  hillside,  ahont  400  feet  N.65°E.  from  the  Key- 
stone quarry  and  east  of  the  railroad,  is  60  by  30  feet  in  area  and  has 
a maximum  dej^tli  of  30  feet.  In  the  south  Avail  the  cleavage  strikes 
N.60-70°E.,  and  dips  13°S.  Tn  the  Avails  minor  recumbent  folds  are 
visible,  Avith  axial  jilanes  striking-  N.70°E.  and  dip])ing  13°S. 

9.  Wagner  Quarry.  About  due  east  of  the  Keystone  quarry  1,000 
feet,  and  east  of  the  railroad  is  the  Wagner  quarry,  a small  cut  30 
feet  square  and  probably  25  feet  deep.  The  bedding  is  not  discernible; 
cleaATge  strikes  N.70°E.,  dips  23°S.  This  opening  Avas  clearly  only  a 
prospect. 

10.  — 11.  Fisher  Nos.  1 and  2 Quarries.  These  tAVo  quarries  are 
about  300  feet  apart.  The  south  opening  is  500  feet  N.50°E.  from  the 
church  in  the  toAvn  of  Chapman.  It  is  about  35  by  50  feet  in  size  and 
35  feet  deep.  The  beds  strike  approximately  N.65°E.,  dip  I4°N., 
A'.dtile  the  cleavage  apiiears  to  strike  parallel  Avith  the  beds  and  dips 
15°S.  Grain  trends  N.35°AAh 

The  larger  o]iening  is  across  the  stream,  nortlnvest  from  the  quarry 
just  described.  The  depth  is  probably  60  feet.  The  beds  strike  N.75°E., 
and  dip  I5°N. ; cleavage  strikes  about  due  east,  dips  11°S.  The  grain 
trends  N.50°W.  Numerous  joints  are  ohserATd,  falling  into  tAAm  .sets, 
one  striking  N.0-15°E.,  dipping  50°E.,  the  other  striking  N.65°E., 
dipping  70°8.  These  joint  systems  closely  resemble  those  of  the  sur- 
face land  deepest  KatIs  of  the  Chapman  (piarry.  The  tAvo  openings 
Avere  shut  doAvn  about  1880. 

12. — 13.  Lilly  Nos.  1 and  2 Quarries.  These  tAvo  o])enings  are  300 
feet  apart  and  in  the  valley  of  the  east  fork  of  the  small  stream  that 
floAvs  through  the  Chai)nian  quarry.  Both  are  small,  the  northerly 
being  60  feet  square,  the  other  100  by  25  feet  in  size.  No  great  depths 
Avere  reached.  The  north  o])ening  shoAvs  no  slate  aboAm  the  Avater,  but 
the  southern  hole  exposes  bed  rock  near  the  north  corner.  Here  the 
beds  strike  N.67°E.,  dip  37°N. ; cleavage  strikes  N.78°E.,  dips  10°S. 
The  grain  trends  N.33°A¥.  Prominent  joints  strike  N.70’E.,  and  are 
ATrtieal. 

The  slate  produced  is  typical  of  the  hard  belt.  That  seen  on  the 
dump  has  someAA'hat  feAVTr  “ribbons”  than  usual,  and  good  cleavage, 
but  bears  closely  spaced,  ealcite-filled  joints.  The  quarries  Avere  aband- 
oned in  1875  or  earlier. 

14.  Fisher  No.  3 Quarry.  This  small  opening  lies  at  the  fork  of 
the  little  cu-eek  that  Ooavs  through  the  Chapman  quarry.  It  is  50  by  40 
feet  in  size  and  probably  20  feet  deep.  Water  now  fills  the  quarry. 
No  slate  is  seen  in  place.  The  (piarry  Avas  abandoned  about  45  years 
ago. 

15.  This  old,  long  abandoned  opening  is  just  east  of  the  railroad 
and  % iiiilf  north  of  the  Chainnan  station.  It  is  200  by  30  feet  in  size. 
The  depth  is  not  knoAvn.  No'  slate  is  seen  above  the  level  of  the  Avater 
Avhich  fills  the  hole. 

16.  Hlauch  Chunk  (Quarry.  Directly  east  of  the  station  at  Chap- 
man, on  the  east  side  of  IMonocacy  Creek,  is  a (piarry  about  250  feet 
sijuare.  This  old  opening  has  an  extensive  duni])  to  the  south  but  no 
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slate  is  seen  in  place.  Sanders^  "ives  the  dip  as  vertical,  the  cleavage 
as  striking-  X.oirE.,  dipping  22°S.  A\  depth  the  cleavage  is  said 
to  have  been  irregnlar. 

Operations  ceased  before  1878,  for  Sanders  siicaks  of  the  qnarry  as 
abandoned. 

17.  Chapman  Superior  Quarrij.  This  moderately  large  hole  lies 
X.80°  E.,  5,000  feet  from  the  Chapman  qnarry,  and  about  3,000  feet 
X.40°  E.  from  the  Siegfried  school,  iu  a valley  that  leads  to  the  east 
branch  of  IMonoeacy  Creek.  The  opening  is  150  f(mt  square,  and  is 
said  to  be  125  feet  deep.  Water  now  fills  it.  The  beds  ai)pear  to  dip 
gently  north,  and  the  cleavage  strikes  approximately  due  east,  di])s 
20°S.  The  quarry  was  shut  down  in  1911. 

18.  Ed  Smith  Quarrii.  The  Ed  Smith  quarry  is  a .small  opening, 
about  40  feet  square,  1,200  feet  east  of  the  Siegfried  school.  It  is  tilled 
with  water.  A little  “ribboned”  .slate  forms  a dunui  on  the  northeast 
side  but  no  rock  is  seen  in  place.  This  is  clearly  only  a prospect. 

19.  Hagenhusch  Quarrj/.  In  the  valley  of  the  ea.st  branch  of  the 
Monocaey,  about  IV2  miles  east  of  the  Warren  school,  is  the  old  Ilagen- 
busch  quarry.  It  is  90  by  40  feet  in  areal  dimensions  and  about  50 
feet  deep.  No  slate  shows  above  the  water  with  which  the  quarry  is 
filled,  but  the  dump  on  the  southeast  side  bears  Idocks  of  closely  “rib- 
boned” hard  .slate,  not  heavily  ru.sted  nor  unduly  decayed.  Quartz 
veinlets  and  a little  pyrite  are  seen  in  some  of  the  blocks. 

20.  T urner  Quarrg.  The  Turner  quarry  is  in  the  stream  bottom, 
1,000  feet  south  of  the  Eeading  quarry.  It  is  60  by  80  feet  in  size.  The 
depth  is  not  known,  but  is  jiroltably  at  least  60  feet.  .V  little  slate 
.shows  above  the  water,  but  the  bedding  Is  not  recognizable ; the  cleav- 
age strikes  X.70°W.,  di])s  15°S. 

The  slate  on  the  dumji  is  rusted  on  the  “ribboiis”.  The  beds  are 
somewhat  thicker  than  is  usual  in  the  hard  belt.  The  opening  has  long 
been  abandoned. 

21.  Beading  Quarrg.  The  Reading  qnariy  Is  600  feet  downstream 
from  the  Ilagenbusch  quarry  and  occupies  the  southeast  angle  at  a 
road  intersection  llh  miles  east  of  the  Cha])man  ({uarry.  It  is  esti- 
mated to  be  60  feet  dee]i.  In  ground  ])lan  it  is  triangular,  and  about 
150  feet  long  on  each  side. 

In  the  northeast  wall  the  cleavage  strikes  X.80°E.,  dips  30°S. ; bed- 
ding strikes  X.85°AA^.,  dips  12°»S.  The  bedding  dip  in  the  bottom  is 
said  to  .steepen  to  30°.  .Several  joints  striking  X.85°E.  and  vertical 
are  conspicuous  iu  the  walls.  The  .slate  on  the  dump  is  of  good  (piality. 
This  quarry  was  operated  at  intervals  up  to  1893. 

22.  Magee  Quarrg.  This  is  the  western  of  two  o])enings  that  are 
immediately  northea.st  of  the  highway  three-quarters  of  a mile  X.60°E. 
from  Dannersville,  and  half  a mile  northwest  of  the  Steckel  quarries. 
It  measures  about  70  by  85  feet  and  is  irreg-nlar  in  outline.  The  prob- 
able depth  Is  50  feet. 

Typical  hard  slate  is  exjiosed.  The  beds  strike  X.35°E.,  dij)  28°8. 


1 Sanders,  R.  H.,  op.  oit.,  p.  104,  18S3. 
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Cleavage  strikes  N.7()°E.,  dii)S  15°S.  Grain  trends  N.45'’W.  Con- 
spienons  vertical  joints  strike  N.75-80°E. 

The  quarry  -was  opened  in  1866  and  abandoned  in  1872.  Tlie  pro- 
duct was  roofing  slate. 

23.  llippon  and  Wolle  Quarrp.  Tins  lies  150  feet  east  of  the  Magee 
quarry  and  directly  across  the  stream.  It  is  a snlicircidar  hole,  about 
60  feet  in  diameter  and  having  a depth  of  40  feet.  The  beds,  some  of 
which  are  here  as  much  as  6 inches  thick,  cnrve  aronnd  the  axis  of  an 
anticline,  overtnrned  jiorthward;  the  axial  plane  dips  15°S.  The 
cleavage  strikes  N.75°E.,  dips  7°(S.  The  grain  trends  N.40°W.  Two 
northeast-stidking,  vertical  joints  are  seen. 

The  qnarry  was  opened  in  1885.  Several  thonsand  sqnares  of  good 
slate  were  produced,  bnt  oi)erations  ceased  long  ago. 


24.  Schlepel  Quarrii.  A small  0'i)ening  is  on  the  sonth  side  of  the 
road,  east  of  the  Schlegel  honse,  and  sonth  of  the  IMagee  qnarry,  on  the 
l)roperty  of  i\lr.  W.  IT.  Schlegel.  No  .slate  is  seen  on  the  place,  the 
j)it  being  filled  with  water. 


25. — 26.  Sfpcl-el  No.  I and  No.  2 Quar)'ie.<t.  Immediately  east  of  the 
road  2 miles  northwest  from  Bath  on  one  of  the  small  headwaters  of 
the  Monocaey,  ai'e  two  qnarries  only  20  feet  apart.  The  northern  is 
irregular  in  shape,  with  maximnm  dimensions  of  110  by  115  feet.  Only 
abont  8 feet  of  rock  ai'e  visible  above  water  level.  The  dnmp  is  be- 
tween the  road  and  the  opening.  The  slate  is  tyi'ical  hard  slate.  The 
beds  strike  N.85°E.,  di])>  57°N.,  and  the  cleavage  strike  is  N.55‘^E.,  the 
dip  11°S.  The  grain  trends  N.30-:17°AV. 

The  sonthern  opening  is  reetangnlar,  100  by  110  feet  in  size.  Here, 
Irmeath  a inaximnni  overburden  of  a foot  of  weathered  slate,  the  beds 
strike  N.35°E.,  bnt  diji  southeast,  aiqiarently  being  sonth  of  an  emerg- 
ing .synclinal  axis  of  which  the  axial  ]dane  dips  sonth  abont  11°. 

These  qnarries  have  not  been  operated  since  1870. 

27.  Dick  (^>aar)i/.  The  Dick  qnarry  is  a small  o])ening  abont  1^2 
miles  noi'th  of  Bath,  on  the  road  leading  to  the  Steckel  qnarries  (Nos. 
25  and  26),  and  east  of  the  sti'eam.  It  is  abont  20  by  30  feet  in  size 
and  15  feet  dee])  at  most.  A little  slate  show's  in  the  northeast  wmll. 
This  prospect  w'as  o])ened  abont  40  years  ago. 


2d.  Aiiproximately  1.800  feet  sonth  of  the  station  at  Chapman, 
jnst  w’est  of  the  raili'oad  and  in  the  valley  of  Monocaey  Creek,  is  an  old 
qnarry.  It  is  abont  150  by  60  feet  in  gronnd  plan.  The  depth  is  at 
least  50  feet,  bnt  Avater  noAw  fills  the  opening. 

Near  the  north  corner  ty])ically  “ribboned”  liard  slate  is  exposed, 
the  beds  striking  N.55°E.,  and  di])]iing  65°R.,  wdiereas  the  cleavage 
strikes  N.60°E.,  dijis  13°S.  Grain  trends  N.33°W.,  dii)s  75°W.  The 


opening  is  on  the  upper  limb  of  a northw'ard  overtnrned  anticline, 
qnarry  w'as  abandoned  at  least  50  yeai's  ago. 


The 


2.9.  l-tJijiiiier  (jaaerp.  This  is  a pros])ect,  20  by  30  feet  in  area  and 
abont  15  feet  deep,  l^A  miles  NAA^.  of  the  Bath  lailroad  station.  It  is 
situated  in  1he  bed  of  Alonocacy  Creek  and  is  filled  Avith  Avater.  In  the 
bottom  of  the  stiaoim  nearby  the  slate  strikes  N.50°E.,  dips  60°S.,  and 
cleavage  strikes  N.63°E.,  dipping  20°, S.  The  o])ening  Avas  made  abont 
1895. 
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30.  About  600  feet  due  north  of  the  Roth  (|ii<irry,  in  the  valley  ot  a 
Kiuall  sti'eam,  i.s  a cut  about  05  by  36  feet  and  probably  '23  feet  deep. 
Tlie  bedding  is  not  recognizable,  l)ut  tlie  cleavage  dips  gently  south 
and  the  grain  trends  X.odW.  This  oi)ening,  abandoned  nO  yeai’s  ago, 
yielded  j'ooting  slate  foi‘  nearby  houses. 

33.  Itulh  (Juitrrji.  About  one  mile  X.70°\V.  of  the  Rath  railroail 
station  i.s  a schoolhouse,  apiiroached  by  a road  leading  westward.  Some 
SOO  feet  east  of  this  school  is  a small  o])eiung  lying  south  of  the  i-oad. 
It  is  40  by  15  feet  in  ground  ]dan,  and  '23  feet  deep  to  water  level. 
About  10  feet  above  the  water  is  a cleavage  slij)  plane,  partially  tilled 
with  quartz  aiul  calcite.  (lood  slate  probably  came  from  this  opeiung. 
()])erations  ceasosl  about  50  years  ago. 

32.  Achenbach  (^uarru.  This  is  located  about  om*  mile  noidh  ol 
Rath,  on  the  Chapman  road.  It  is  a roughly  I'cctangular  opening, 
measuring  70  by  160  feet  in  gi'ound  plan,  between  the  road  and  Alono- 
cacy  Creek.  Its  depth  is  about  45  feet  but  no  slate  occurs  in  jdace 
above  water  level. 

The  slate  quarried  was  of  a fair  grade,  but  coi'i>  drilling  rt've.ded 
“crooked”  cleavage  at  dei)ths  of  13,  3S,  and  (iO  feet,  the  cleavage  |)lanes 
being  warped.  These  observations,  made  by  Prof.  R.  L.  Miller,  tif 
Lehigh  Cidversity,  suggest  the  jn'esence  ol'  chmvage  sli|)s  in  the  open- 
ings, similar  to  those  seen  at  the  Relfast  and  Kdelman  ouarines 

The  quarry  was  ojierated  from  1014  until  about  1016,  ])roducing 
roughly  230  scpiares  of  roohng  slate  in  1014,  the  only  yeai-  for  which 
figures  are  available.  It  is  now  abandoned  and  no  machinery  remains. 

33.  FleiscJi))i(in  (JiKirrif.  This  small  o|)ening,  (iO  by  40  feet  and 
about  60  feet  deep,  is  on  the  west  baidv  of  the  sti-eam,  ;500  feet  west  of 
the  Daniels  quarry. 

The  beds  ai)i)ear  to  strike  N^.IO®!!.,  dii)  17°S.,  but  are  not  cleaily 
shown.  The  cleavage  on  the  west  wall  is  cui'ved;  it  strikes  X.70°.L., 
dips  generally  8°8.  The  strata  are  thus  on  the  north  limb  of  a noi'th- 
ward  overturned  anticline. 

The  slaty  cleavage  is  exceedingly  rough  and  ii-regulai",  and  false 
cleavage,  striking  i)arallel  with  the  .slaty  cleavage  and  dipping  veidi- 
cally,  is  seen.  The  grain  trends  X.37°\V.,  and  is  vertical.  Several 
Avell-marked  joints  strike  X.65-75°E.,  dip  vertically.  This  ipiarry  was 
last  operated  about  1010. 

34.  Daniels  Quarry.  The  Daniels  quarry  is  about  •;4  ndle  X.()0°L. 
from  the  Penn  Allen  Cement  Company  [)lant,  between  Rath  and 
Xazareth.  It  measures  70  by  225  feet;  20  feet  of  slate  show  above 
water  level  and  the  oi)eidng  is  estimated  to  be  60  feet  deej).  The  slate 
cliij)s  on  the  dump  have  a good  ring  and  do  not  “imst”  heavily.  The 
bedding  is  not  clearly  visible,  but  there  is  some  suggestion  of  close 
folding  in  the  walls.  The  cleavage  strikes  X.65°E.,  dips  11°S. 
Slate  was  quarried  here  as  late  as  in  1878.  Alore  recently  the  (piarry 
has  been  used  as  a reservoir  by  the  Dexter  Cement  Company,  which 
owuis  the  land. 

35.  Bader  (Quarry.  The  (juarry  is  situated  about  seven-tenths  of 
a mile  south  of  the  Warren  .school.  Oidy  the  duni])  is  still  to  be  seen. 
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llie  quarry  ])eiug  filled.  A little  slate  outcrops  along  the  stream  nearby, 
striking-  N.80°AV.,  dipping  20°N. ; the  cleavage  strikes  N.15°E.,  dips 
15°S.  Typical  “ribboned”  material  is  seen  on  the  dump.  The  open- 
ing was  abandoned  in  1900. 

36.  Boon  Quarry.  The  old  Eoon  quarry  is  about  1^2  miles  south- 
west of  the  Mill  Grove  school  in  the  stream  valley,  not  far  from  the 
tracks  of  the  Nazareth  branch  of  the  Lehigh  & New  England  Railroad. 
It  is  rectangular,  105  by  45  feet,  and  probably  about  60  feet  deep. 

The  typical  hard  slate  beds  strike  N.58°E.,  dip  4°S.,  whereas  the 
cleavage  strikes  N.65°E.,  dips  15°S.  Grain  trends  N.35°W.  Con- 
spicuous vertical  joints  seen  in  the  south  wall  strike  N.50°E. 

37.  llayer  Quarry.  This  opening  lies  1,500  feet  east  of  that  last 
described.  It  is  virtually  rectangular,  small,  and  probably  about  70 
feet  deep.  ►Some  15  feet  of  slate  are  visible  above  water  level  on  the 
northwest  side. 

The  slate  exposed  is  typically  “ribboned”  hard  slate.  In  the  south 
corner  the  beds  strike  N.10°E.,  dip  37°N.,  whereas  the  cleavage)  strikes 
N.60°E.,  dips  18°S.,  and  the  grain  trends  N.38°W.  The  structure  is 
thus  the  south  limb  of  a northward  overturned  anticline  pitching  west- 
ward. The  joints  observed  strike  N.55°E.,  dip  60°S.  The  slate  has 
curly  cleavage;  the  material  on  the  duni])  rings  well.  The  quarry  was 
la.st  operated  about  1915,  and  probably  was  opened  5 years  earlier. 

38.  About  three-quarters  of  a mile  down  the  Bushkill  from  the 
Center  school  and  about  2.5  miles  directly  south  of  Knechts,  on  the 
east  side  of  the  creek  and  road,  is  a large  opening  in  the  hard  slate., 
It  measures  250  feet  by  100  feet.  Its  depth  is  not  known  but  is  pro- 
bably at  least  75  feet.  No  slate  shows  above  water  level. 

SEi:ivisvii.i.i:  group. 

Tlie  quarries  of  the  Seemsville  group  are  opened  along  Catasauqua 
Creek,  east  and  south  of  Seemsville.  Slate  produced  could  best  be 
shipped  through  Bath  and  from  that  town,  also,  su])plies  and  labor 
would  normally  be  obtained  when  the  quai-ries  were  l)eiug  operated. 

The  beds  opened  are  in  the  lower  part  of  the  hard  belt,  the  lowest 
subdivision  of  the  Martinsburg'.  The  rock  is  typical  of  this  member 
though  in  a few  of  the  openings  the  “ribbons”  must  have  been  un- 
usually thick.  The  quarries  are  so  largely  filled  with  water  that  struc- 
tural determinations  are  difficult,  but  the  usual  close  folding  of  thinly 
bedded  slate  is  in  evidence.  Bedding  and  cleavage  strikes  are  gener- 
ally N.60-70°E.,  but  in  some  quarries,  such  as.  the  Miller  opening,  they 
a.ssume  a northwest  direction.  Most  of  the  prominent  joints  have  a 
northeast  strike. 

Of  these  openings,  the  Koch,  Ziegenfuss,  and  Miller  quarries  rep- 
resent fairly  extensive  oi)erations.  All  have  been  abandoned  for  the 
last  20  years.  The  products  were  mainly  roofing  slate,  with  smaller 
values  of  slabs,  fence  posts,  and  grave  vaults. 

1.  Koch  Quarry.  This  large  opening,  250  by  100  feet  in  size,  is 
just  north  of  the  road  where  the  latter  crosses  Catasauqua  Creek,  three- 
quarters  of  a mile  southeast  of  Seemsville.  The  estimated  depth  is 
about  100  feet,  but  the  opening  is  now  so  full  of  water  that  only  on 
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tlie  nortli  .side,  wliei-e  tlie  wall  rises  dO  feet  above  the  water  level,  eaii 
slate  be  .studied.  Here  the  beddin-;'  strikes  X..3.')-b()°  Iv,  dips  17°N. ; 
the  eleavaji'e  is  horizontal.  Grain  trends  X.-17°W.,  and  is  vertieal. 
One  joint,  .strikine-  X..38°E.  and  dippinu’  4()°.S.,  is  in  the  nortliwe.st 
wall  of  the  ()penin,i>'.  Seven  other  well-niai-ked  joint  planes  are  ob- 
•served  to  strike  X.7()-8()°p].,  with  di]),s  of  70-!K)°S. 

The  beds  in  whieh  the  <piarry  is  ent  ai'e  proliably  apin-oxiniately  the 
same  as  at  the  Ziejienfnss  quarry  iXninber  3.  below). 

The  quarry  wa.s  already  abaiuloned  in  1878,  at  the  time  of  Sanders' 
.survey. " 

2.  (.)n  the  west  bank  of  Catasanqna  Greek,  IVo  miles  noidli  of  wbei'e 

it  is  ci'ossed  by  the  Weaverville-IIowertown  pike,  is  a small  hole,  ap- 
parently a lon<>'  abandoned  qnariy.  Xo  slate  is  visible,  however,  above 
water  level. 

Ziegeiifuss  (^uarrij.  This  irre”'nlarly  shajjed  (qieidng  is  1, ()()() 
feet  X.,30°E.  from  the  Koch  qnariy.  It  is  about  130  feet  square  but 
very  irregular  in  shaiie.  The  depth  is  said  to  be  100  feet,  but  the 
openino-  is  lariivly  tilled  with  water. 

The  beds  are  ty])ieal  hard  slate,  fairly  free  of  "ribbons.”  Xo  rust- 
ino-  is  .seen,  nor  any  quartz  or  ealeite,  except  as  mentioned  below.  The 
slate  quarried  apjiears  to  have  been  of  high  quality.  The  beddiny  is 
only  faintly  indicated,  and  there  is  a siui'yestion  of  a yentle  southeast 
dip,  probably  on  the  lower  limb  of  a northward  overturned  anticline 
with  horizontal  axial  jilane. 

Cleavage  strikes  X.:G3-73°W.,  dijis  6-10°8.,  but  these  ob.servations 
are  poor.  It  is  curved  locally,  jiroviug  its  deformation  after  develop- 
ment. The  grain  strikes  X.38-33°W.,  and  .stands  vertical.  The  joints 
are  irregular  and  in  a measure  determine  the  form  of  the  opening.  A 
striking  feature  is  a quartz  stringer  which  runs  in  a plane  jiarallel 
with  the  cleavage  along  the  entire  northeast  wall  of  the  opening. 

The  quarry  was  oiierated  until  about  30  years  ago,  when  it  became 
difficult  to  obtain  laborers. 

— 5-  The.se  two  small  ju'ospect  jiits  in  bard  slate  are  on  the  south 
bank  of  the  east  fork  of  Catasanqna  Creek,  about  1.300  feet  east  of  the 
Ziegenfu.ss  quarry.  No  bed  rock  can  be  seen. 

6.  Miller  Qiiarri/.  This  oi)ening  is  400  feet  south  of  the  road,  oppo- 
site the  Hiller  Xo.  2 i)it  and  in  the  same  valley.  It  is  trajiezoidal  in 
form  and  measui'es  220  by  270  feet.  A slight  thickness  of  .slate  shows 
in  the  walls,  but  watei’  conceals  the  true  depth. 

The  beds  strike  X".63°W.,  dip  33-73'^'S..  the  dip  increasing  south- 
ward. The  cleavage  has  a similar  strike,  dips  13'  8.  Prominent  joints 
in  the  east  corner  strike  X.80°E.,  dip  ()7°N. 

The  slate  seen  on  the  dump  has  a good  ring,  closely  spaced  "ribbons,” 
and  a somewhat  sandy  texture  for  the  most  paid.  8urfaces  of  blocks 
show  papery  exfoliafion. 

This  is  known  as  the  IMiller  quarry.  It  was  operated  in  1878 and 
abandoned  about  35  years  ago. 

7.  Miller  No.  2 Qiiarrii.  One  mile  due  south  of  Danuersville  one 

'Sanders,  R.  U.,  op.  eit.,  p.  1(17. 

- Sunder.s,  R.  H.,  op.  cit.,  p.  ICC. 
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of  the  headwaters  of  Catasaiaiua  Ci-eek  is  crossed  bj'  a road  leading 
norlhwe.st.  About  30t)  feet  north  of  tliis  road  and  in  the  stream  valley 
is  a reetangnlar  opening  40  by  30  feet  in  size,  estimated  to  be  40  feet 
deep.  Tlie  slate  on  the  dump  and  in  the  walls  shows  good  cleavage, 
but  weathers  readily  and  exfoliates  so  as  to  give  a papery  effect.  This 
hole  Avas  oi)ened  50  years  ago  and  was  worked  chiefly  to  furnish  pul- 
verized material  for  paint,  ft  has  long  been  abandonel. 

QUARRIES  IN  WESTERN  PART  OF  DISTRICT 

SLATINGTON  GROUP. 

Tbe  quarries  in  this  group  oceu])y  an  area  the  longer  extent  of 
which  is  northeastAvard,  passing  from  81atedale  in  Lehigh  County  and 
Avest  of  the  Lehigh  River  eastAvard  through  Slatington,  AValnutport, 
Lerlinsville,  and  Danielsville.  Slatington,  AAuth  a population  of  about 
4000,  is  tbe  dominant  toAvn  of  the  district;  the  quarries  farthest  aAA’ay 
from  it — those  at  Danielsville — are  at  most  scatii  miles  distant.  All 
quarry  operations  liaAT  rail  connections  AA'ith  Slatington  by  the  Ijehigh 
Valley,  Reading  or  Lehigh  & Noaa*  England  railroads. 

The  quarries  of  the  Slatington  group  are  opened  in  the  soft  slate 
or  upiier  memljer  of  the  Martinsburg  formation  and  in  the  same  beds 
as  those  of  the  Bangor,  Pen  Argyl,  and  Slatefield  groups  of  the  eastern 
part  of  this  district.  The  larger  divisions  of  the  sequence  and  the 
uses  to  AA’hieh  the  slate  beds  are  init  have  been  given  on  ])ages  186-190. 
It  has  been  pointed  ont  (pages  190-192)  that  by  means  of  the  Gray 
beds  betAveen  the  Franklin  and  Star  “runs”  in  the  Danielsville  region, 
a tentative  correlation  Avith  the  Pen  Argyl  and  Bangor  beds  appears 
to  be  justified. 

In  structure  the  Slatington  region  differs  from  the  Bangor-Pen  Argyl 
region  in  that  the  folds  have  axes  that  are  more  nearly  ATrtieal,  so 
that  individual  beds  are  brought  to  the  surface  on  both  sides  of  the 
axis.  In  some  sections  transverse  to  the  regional  strike,  beds  are  re- 
])eated  not  once  only,  but  again  and  again;  the  result  is  a complex  out- 
ci'O})  pattern  suggesting,  though  on  a far  smaller  scale  of  course,  that 
of  the  Ay)palaehian  Valley.  The  number  of  fold  axes,  too,  is  far  greater 
than  recognized  at  Bangor  and  Pen  Argyl.  In  a section  along  Lehigh 
River  betAATcn  the  first  slate  outcrojis  at  Slatington  and  Lehigh  Gap, 
twelve  anticlinal  axes  and  eleven  synclinal  ones  are  recognized  and 
there  are  certainly  several  more  Avliich  are  not  exposed.  The  most 
prominent  and  persi.stent  of  these  are  the  Prudential,  Empire,  Cam- 
bridge and  Eureka  synclines  Avliich  are  exposed  in  or  near  the  quarries 
after  Avhich  they  are  named.  The  Prudential  and  Eureka  synclines 
extend  completely  acro.ss  the  Slatington  region. 

Further  details  of  the  stimctures  in  the  Slatington  region  can  best 
be  derived  from  the  large-scale  geologic  may  (Plate  54)  and  the 
strncture  sections  (Plate  55,  56).  By  using  solid  lines  to  indicate 
axes  and  key  beds,  Avhere  these  are  knoAvn  to  occnr  Avith  certainty  or 
inferred  to  be  ])resent  Avith  a high  degree  of  probability,  and  broken 
lines  elseAvhere,  an  attempt  is  made  to  distinguisb  for  the  reader’s 
benefit  betAveen  A'irtual  certainty  and  mere  ])robability.  Naturally  this 
distinction  may  not  be  ]iressed  too  far.  KnoAA'ing  the  thickness  betAveen 
beds,  even  in  strnetures  as  complexly  folded  as  these,  the  probable 
outcrop  of  definite  horizons  may  be  inferred  Avith  a fair  degree  of 
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certainty.  At  tlie  other  extreme,  liowever,  when  inference  approaelie.s 
the  outer  fringes  of  probability,  even  a mere  likelihood,  when  it  exi.sts 
in  the  mind  of  a geologist  ac(inainted  with  the  regional  structure,  merits 
recording  for  the  benefit  of  the  layman  or  newcomer.  iMost  of  the 
dashed  lines  indicate  axes  or  outcrojelines  intermediate  between  these 
two  extremes.  Particnlar  uncertainty  obtains  Avhere  hed.s  are  map})ed 
at  the  ends  of  pitching  axes,  for  siich  ])itches,  as  noted  below,  vary  in 
direction  and  degree  from  place  to  ]dace  alono'  the  axis;  a dij)  must 
therefore  be  a.ssumed,  and  (loid)t  is  thus  east  ui)on  the  projected  bed- 
ding traces.  This  is  especially  true  of  the  outcrop  of  the  Franklin 
bed  in  the  valley  of  Lehigh  River  north  of  Slatingtoii;  the  statement 
also  applies  to  the  region  between  the  outcrops  mentioned  and  Apps. 

iMost  of  the  folds  show  a tendency  to  noidliward  overturning,  bnt 
this  feature  is  not  nearly  as  well  marked  as  farther  east, — for  example, 
in  the  Old  Bangor  syncline  (see  ])ages  214-216)  at  Bangor. 

It  may  also  be  seen,  from  the  “canoe-sha])ed”  bedding  traces,  that 
there  is  a definite  pitch  to  each  of  the  folds  in  the  region.  This  pitch 
of  the  fold  axes  is  not  uniformly  in  any  one  direction,  nor  does  it 
show  steep  angles.  The  steepest  axial  pitch  recorded  is  15°,  at  the 
Empire  quarry.  At  the  Old  Oamhridge  quarry  the  axis  of  the  Cam- 
bridge s^uicline  ]ntehes  west  4°,  but  the  pitcli  probably  changes  to 
eastward  at  the  west  edge  of  the  Blue  Ridge  quarry,  to  judge  by  thick- 
ness measurements.  Again,  the  Eureka  s;suicline  ])itches  west  at  the 
Eureka,  Mountain,  and  Pittston  (piarries.  bnt  at  the  Locke  and  nearby 
quarries  in  Slatedale  it  ]htehes  gently  east  and  on  its  westward  con- 
tinuation at  the  Blumont  cpiarries,  between  Slatedale  and  Lehigh  Fur- 
nace, the  pitch  is  west  again.  The  Prudential  , syncline  ])itehes  west 
near  the  Highland  (piarries  (southwest  of  Slatedale),  but  5°  east  in 
the  Blue  Mountain  Slate  Company’s  (piarry,  southeast  of  Slatedale. 

As  already  noted,  the  dij)  of  the  cleavage  planes  is  steeper  here  than 
at  Pen  Argyl  and  Bangor.  Moreover,  it  distinctl,v  radiates  upward  at 
the  crests  of  anticlines,  and  downward  at  synclinal  troughs.  Cleavage 
strike  is  slightly  more  easterly  than  in  the  regions  farther  east,  averag- 
ing exactly  X.70°E.  in  50  observations  selected  at  random  from  Slat- 
iugton  quarries,  as  compared  with  66°E.  for  a random  selection  of  50 
quarries  at  Pen  Argyl  and  Bangor.  With  this  goes  a more  northerly 
bearing  of  the  grain,  which  may  be  generalized  as  striking  about  X.40- 
35°W.  (see  Figure  69)  instead  of  the  X.45°W.  trend  observed  near 
Pen  Argyl  and  Bangor;  this  change  is  consistent  Avith  the  obseiwation 
that  the  opening  angle  hetiveen  the  strikes  of  cleavage  and  grain 
approximates  90°. 

False  cleavage  is  far  more  prominent  here  than  in  the  eastern  part 
of  the  Lehigh-Xorthampton  district.  It  is  esiiecially  well  deA"elo]ied 
near  the  axes  of  folds.  Thus,  it  shows  in  the  Blue  (Mountain  (piarries 
southeast  of  81atedale,  near  the  bottom  of  the  Prudential  s.A'neline,  and 
again  in  the  Custer  quarry,  located  on  the  first  anticlinal  crest  south 
of  the  Empire  s.vneline.  On  the  other  hand,  its  consinciioiis  dcA'cloj)- 
ment  in  the  Hower  quarry  at  DanieLsville.  apparently  Avell  away  from 
fold  axes,  is  not  readily  exjilicahle.  In  those  cases  Avhere  seen  in  place, 
the  false  cleavage  planes  are  parallel  to  the  fold  axes,  as  well  as  to 
the  axes  of  minute  “ernmiiled”  folds  of  the  cleavage. 

True  faulting  of  importance  was  nowhere  oliserved  in  the  Slatington 
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region,  but  Avhat  appears  to  be  a bedding-slip  is  seen  in  the  Empire 
quarry  (see  page  296). 

The  most  conspicnons  system  of  jointing,  as  in  the  Bangor  and  Pen 
Argyl  regions,  is  ajqiroximately  ])arallel  in  strike  to  tlie  strikes  of 
bedding  and  cleavage,  but  dii)s  varionsly. 

One  outstanding  difference  between  the  quarries  of  the  Slatington 
grou])  and  those  at  Pen  Argyl  and  Bangor  is  that  the  former  aim  to 
follow  individual  well-recognized  and  large  beds,  the  quarried  blocks 
of  more  thiidy  banded  material  being  regarded  almost  wholly  as  Avaste ; 
as  a consequence  A'ery  little  “ribboned”  rooting  slate  is  ])rodnced.  In 
general,  however,  the  products  do  not  differ  from  those  of  the  Pen 
Argyl  and  Bangor  i-egions.  There  is  no  pulverizing  plant  anywhere  in 
the  Slatington  group,  and  mai-bleized  slate  also  is  not  made.  On  the 
other  hand,  school  slate  is  important  and  the  Slatington  regioii  pro- 
duces more  school  slate  than  any  other  in  the  United  States, — is  in  fact 
the  only  school  slate  district  of  importance  in  this  country. 


Fig.  09.  .Azimuth  cliai't  of  sti'ikc  of  gi’aiii  in  31  quarries  at  Slating- 
ton. The  mimhers  iiulieate  degrees  in  azimuth  we.st  of  north  (east 
of  soutli)  in  heai'ing  of  gi-ain  strikes.  The  I'elative  lengths  of  the  in- 
ward extending  lines  show  the  i-elative  nnmhers  of  ohseiwations  yield- 
ing the  indieated  strikes. 

Two  of  the  Slatington  quarries  o])erating  in  1927  Avere  actual  mines, 
Avhile  four  others  cut  Avell  into  the  (ptarry  Avails  and  thus  virtually 
constitute  tunnelling'  o]ierations.  Although  none  of  the  quarries  of 
the  Slatington  group  rivals  the  Albion,  Did  Bangor,  or  Consolidated- 
Star  in  areal  dimensions,  several  are  of  consincuons  size,  the  Blue 
Valley  east  of  Re.xtoAvn  being  the  largest  single  quarry.  It  is  noticeable, 
hoAvever,  that  many  ai-e  small  surface  openings  developed  along  the 
strike  of  individual  beds  and  thus  I'esembling  some  of  the  narroAV  but 
generally  longer  (piarries  at  iMonson,  iMainek 

In  1927,  Avhen  the  la.st  careful  study  Avas  made  of  the  quarries  of 
the  Slatington  grou)),  twenty-one  were  being  actively  oi)erated. 

On  the  .small-scale  map  (Plate  25)  shoAving  the  AvestCrn  part  of 
the  Lehigh-Noi'thampton  district,  the  individual  (piarry  holes  can  in 

Ualp,  T.  N.,  Slate  in  the  United  States:  U.  S.  fieol.  Survey  Bull.  586,  pp.  78,  79,  1914; 
Oowies,  Oliver,  The  teeluiology  of  .slate:  U.  S.  Bur.  Mines  Bull.  218,  p.  39,  1922. 
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mam'  cases  not  be  shown  separately  becanse  so  small  and  so  closely 
spaced.  In  sncli  cases  several  oiieniny's  are  indicated  by  a single  fpiarry 
mark  and  qnarry  number,  bb)!-  a more  accurate  im])re.ssion  of  the 
number,  location,  and  size,  the  reader  is  referred  to  the  large-scale  map 
of  the  Slatington  region  ; in  preparing  this,  the  cpiarry  locations  and 
sizes  Avere  surveyed  with  an  alidade  and  are  accurate  within  IdO  feet, 
lu  the  quarry  descriptions  of  the  text,  wliere,  because  of  close  spacing, 
a single  nnmber  has  been  nsed  to  designate  a group  of  quarries,  sup- 
plementary letters  have  been  given  to  distingnish  individual  openings 
Avithin  the  group. 

1.  Old  Diamond  (Quarry.  This  irregular-shai)ed  opening  shoAvs 
about  35  feet  of  slate  above  Avater  level  on  its  east  side.  The  qnarry 
is  north  of  and  probably  Jiear  the  crest  of  a nortlnvard  overturned 
anticline;  the  strike  of  the  bedding  is  X.70°E.,  and  the  dip  18°X.,  and 
the  beds  are  flattening  in  a nortlnvard  direction  as  they  approach  the 
Prudential  syncline.  The  strata  exi)osed  are  the  Iavo  WilliamstoAvn 
(here  generally  called  ‘ ■SaegersA'ille'')  big  beds.  Cleavage  strikes 
parallel  to  the  beds  and  di])s'  steeply  south. 

This  opening  has  been  shut  doAvn  for  abcut  25  years. 

2.  New  Diamond  (Quarry.  The  quarry  measures  140  by  70  feet 
and  exjAOses  40  feet  of  slate  above  Avatci-  level.  The  structure  and  beds 
are  as  in  the  Old  Diamond  quarry,  except  that  the  strata  di])  45°X"., — 
more  steeply  than  at  the  latter;  the  quarry  is  thus  seen  to  be  structur- 
ally slightly  farther  south,  as  Avell  as  toi)ographically  higher,  and  thus 
yet  closer  to  the  crest  of  the  anticline  mentioned  in  the  descri])tion  of 
the  Old  Diamond  quarry.  Grain  trends  XC24°1V.  The  (piarry  has  been 
long  abandoned,  but  was  Avorked  more  recently  than  the  Old  Diamond. 

3.  This  unnamed  oj)ening  measures  about  60  by  100  feet  and  is 
approximately  80  feet  deej).  In  it  the  beds  are  seen  to-  dij)  83°X^.  and 
strike  X".72°E.  It  thus  lies  virtually  at  the  crest  of  the  anticline  men- 
tioned above.  Cleavage  strikes  i)arallel  to  bedding  and  dips  S3°X. ; 
grain  trends  X.21°’\V.  The  beds  ex])osed  are  again  the  tAvo  CVilliams- 
tOAvn  big  beds.  The  qnarry  has  been  abandoned  for  some  time. 

4.  These  three  small,  long-abandoned  prospects  sIioav  no  slate  in 
place.  They  are  on  the  south  liml)  of  an  anticline,  as  the  beds  in  the 
nearby  stream  strike  X.65°E.,  di])  20^S.,  Avhile  the  cleavage  dii)s  more 
steeply  in  that  direction.  Xo  big  beds  are  knoAvn  to  be  exi)osed. 

.7.  Peach  Bottom  Quarry.  This  opening  is  small,  measuring  80  by 
55  feet.  In  it  tAvo  big  beds  are  exposed;  the  u])j)er  lor  north)  one  is 
13%  feet  in  actual  thickness  and  is  separated  by  13%  feet  of  “rib- 
boned” slate  from  the  loAver  (or  south)  bed,  Avhich  is  lOiu  feet  thick. 
This  seciuence  constitutes  the  Peach  Dottom  “I'un,  “ Avhich  is  at  the 
base  of  the  upi)er  iMartiusburg  member,  as  mapped.  This  is  the  only 
quarry  in  the  SSlatington  region  in  Avhich  this  “run”  can  uoav  be 
studied.  It  i)robably  corresi)onds  to  the  Grand  I'entral  “run”  at 
Bangor. 

Cleavage  strikes  X.75°E.,  dips  50°S.;  grain  trends  X.12°W. 

The  quarry  has  long  been  abandoned. 

6.  est  Highland  (Quarries.  These  tAvo  small  oi)enings  measure 
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A.  I^ookin^'  cast  across  LocUt'  Ixals  from  Qiiai-i'y  a;  (liiiup  and 
mill  of  Ko.tal  ISliic  ([iiairy  in  rit>lil  distance.  liower  (First)  Fockc 
l)i}i  bed  shows  a little  north  of  the  i'ij>lit  hand  eoriu'r  of  the  <iiiarr,t. 


|{.  Kasimost  Hijihland  (|iiari.\-,  middle  of  southwest  wall,  to  show 
tlatlenin<;  of  l>eds  in  small  s.tneline.  Tin*  Fi)|)er  Williamstown  hiy 
bed  is  the  lowest  hij;  hed  in  thi.s  view. 
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about  60  feet  eaeli  ou  tlie  side  and  each  is  <d)out  100  l'c(*t  deep  tc  walci' 
level.  Botli  expose  the  tv.o  AVillianistown  hiji-  beds,  -which  strike  N.68° 
E.  and  dij)  sr)°X.  at  tlie  surface.  The  cleava^'e  dips  6.')°S. ; <:raiu  ti'ctids 
X’.33°AV.  These  quarries  -wei'e  once  operated  by  tlie  Iliqhlaud  Slat<' 
Com])any  but  are  now  o-wned  liy  tlie  ATuidor  Slate  (.’oinjiany  and  are 
not  beinp-  vorked  at  jiresent. 

7.  IIi(j]iI(nu]  (^Kurrics.  This  proup  consists  of  four  small  openinps. 
none  of  Avhich  lueasnres  more  than  100  feet  on  a side  excejd  tin*  east- 
most.  -which  is  sonuwvhat  larger  i 90  by  130  feet).  The  dejith  in  no 
case  exceed.s  75  feet. 

The  beds  opened  are  the  AVilliamsto-wn  big  beds,  -which,  in  the  three 
westmost  quarides,  strike  X.70°E.,  dip  ■22°X.  at  the  surface  but  75°X’. 
at  depth  (evidently  .just  south  of  the  trough  of  the  Prudential  syn- 
cline), whereas  the  cleavage  strikes  Xh70°E.,  and  dips  66°S.  The  east- 
most  and  somewhat  larger  o]ienin<>‘  shows  the  -west  pitch  of  this  struc- 
ture in  the  Hat  trough  of  the  syncline  which  is  exjiosed  near  the  middle 
of  the  hole  (see  Plate  57.  P).  In  all  four  openings  the  cleavage 
strikes  X.70°E..  di]ts  60°S.;  grain  trends  X".37°AV. 

These  quarries  Avere  operated  by  separate  coni])anie.s,  the  three 
westerly  ones  constituting  one  unit  and  the  eastmost  another.  They 
are  norv  abandoned. 

8.  Quarries.  Two  irregular  openings  lie  about  half  a 
mile  east  of  Lehigh  Furnace,  on  the  iirojierty  of  Cl.  T.  EberAvein  of 
81atedale.  Each  is  about  110  by  225  feet  in  area  and  sIioavs  20  feet  of 
slate  above  AA'ater  level  but  both  are  ]irobably  much  deeper.  They  sIioav 
beds  striking  about  X'.40°E.  and  dipiung  40°X.  on  the  s(jutheast  edge 
of  the  Ave.st  opening,  but  flattening  to  an  almost  horizontal  ])Osition  at 
the  north  edge  of  the  east  opening.  They  are  thus  on  a synclinal  axis 
thought  to  represent  the  Avesterly  extension  of  the  Eui’eka  syncline, 
and  the  structure  ]-iitches  Avest,  as  the  cleavage  has  a more  easterly 
strike  (X.72°E.).  The  beds  could  not  be  correlated  Avith  certaint.Av 
but  are  described  by  quarrymen  as  resembling  in  details  of  sequence 
those  of  the  quarries  just  Avest  of  the  Alanhattan  ; hence  they  are  pro- 
bably higher  than  the  Ei)per  Locke  (Alanhattan)  big  bed  and  are  in 
the  (’olumbia  "run.'’  (One  big*  bed,  about  2(1  feet  thick,  is  seen  in  the 
east  corner  of  the  east  opening.  Cleavage  strikes  X.72°E.,  and  dips 
5()°8. 

This  grou])  of  (piarries  Avas  first  opened  in  1904  and  shut  doAvn  in 
1927.  Electi'ical  and  structTiral  material  Avere  i)roduced  and,  up  to 
1915.  roofing  slate  as  Avell.  Xeai'by  is  a Avell-equii)ped  mill. 

.9.  Saffiersrille  and  Hope  (J)iarrirs.  This  is  a gi'oup  of  five  open- 
ings Avest  of  the  road  from  Peters  Store  to  Lehigh  Furnace,  and  about 
2500  feet  southeast  of  the  Lehigh  Furnace  schoolhouse.  The  one 
farthest  Avest  is  small  and  shoAvs  no  big  beds.  East  of  it  are  three 
other  small  holes,  the  tAvo  easterl.A’  of  Avhich  are  in  the  Peach  Bottom 
beds.  These  four  o])enings  are  referred  to  as  the  Saegersville  quarries. 

About  200  feet  farther  north  is  a larger  quarry,  generally  called  the 
Hope;  this  measui'es  535  b.A’  90  feet.  It  is  opened  along  the  strike  of 
the  AVilliamstoAvn  big  beds.  In  it  the  beds  strike  X’'.72°E.,  and  dij) 
77°S.;  as  the  cleavage  dips  more  gently,  tin’s  opening  lies  on  the  south 
limb  of  a syncline,  thought  to  be  the  Star  SAmcIine. 
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Tlie  Hope  (puirry  was  Avorked  thirty  or  inoi'e  yeare  ago.  The  Saegers- 
ville  quarries  Avere  opened  eA’en  earlier  and  shut  doAAUi  about  1900. 

10.  Fcnsiermacher  and  Both  Quarry.  This  small  irregular  open- 
ing, 40  feet  deep,  hut  uoav  filled  Avitli  Avater,  is  situated  about  400  feet 
northeast  of  the  IIo])e  (piarry  and  sIioaa's  no  slate  in  place.  It  is  said 
to  liaA’e  been  opened  in  the  Blue  Mountain  “run.”  It  has  long  been 
adandoned. 

11.  East  BaegerstdUe  (Quarries.  This  group,  nia])ped  as  four  open- 
ings on  the  small-scale  maji,  actually  consists  of  six  (piarries  (see  Plate 
54)  of  Avhich  the  middle  tAA’o  are  A'ery  small.  All  lie  along  the  strike 
and  outcrop  of  the  SaegersAulle  big  beds.  The  two  smaller  openings 
exposed  oidy  a ])art  of  the  Saeger.sA'ille  “run.”  The  four  larger  quar- 
ries are  retaugular,  about  60  feet  Avide,  and  Amrying  in  length  (AAdiieh 
is  parallel  to  the  strike  of  the  beds)  up  to  -65  feet  and  in  depth  to 
100  feet. 

The  bedding  strikes  uniformly  N.75°E.  and  dips  steeply  (75-87°) 
north.  CleaA'age  strikes  about  N.75°E.  and  dips  45°S.  The  grain 
trends  about  N.30°W.  Prominent  joints  are  lacking. 

The  entire  production  of  these  quarries  AA'as  from  the  WilliamstoAAUi 
“run.”  The  grouj)  has  been  abandoned  for  some  time.  A property 
line  separates  the  easternmost  from  the  other  ojienings  of  this  group. 

12.  These  four  openings,  each  about  400  feet  from  its  neighbors, 
are  deAmloped  along  the  strike  of  the  Blue  Mountain  “run”  and  lie 
about  1300  feet  south  of  the  Slatedale  post  office,  on  the  south  side  of 
Trout  Creek  valley.  In  ordei-,  from  Avest  to  east,  they  measure  70  by 
70  feet,  130  by  150  feet,  90  by  250  feet,  and  40  by  80  feet,  being  uni- 
formly longest  in  the  direction  of  the  strike.  The  maximum  depth 
seen  (that  in  the  middle  openings)  is  40  feet,  but  all  are  Avater-filled 
and  ])robably  somcAAdiat  dee])er. 

The  three  easterly  ojienings  expose  the  upper  Blue  Mountain  big 
bed  near  their  nortlnvest  sides.  The  strike  is  N.70-75°E.  and  the  dip 
80°N.  at  the  surface,  .steepeniug  doAvnward.  The  cleaAuige  strikes  about 
N.70°E.,  di])s  about  52°S.;  structurally,  therefore,  these  quarries  are 
south  of  a synclinal  axis, — the  Empire  syncline.  Grain  trends  N.22°AV. 

These  quarries  have  all  been  aliandoned  for  at  least  fifteen  years. 

13.  Philadelphia  Quarrt/.  This  long  abandoned  opening  measures 
125  by  175  feet  and  is  30  feet  deep,  but  is  noAv  filled  Avith  Avater.  No 
slate  can  be  seen  in  place  noAV.  It  is  said  to  have  been  opened  in  the 
Washington  “run,”  the  beds  standing  ATidical. 

14.  Jiittncr  Quarries.  These  ten  small  (juarries  are  narroAv,  deep 
openings,  close  together  along  the  strike  and  outcrop  of  the  Williams- 
toAvn  “run.”  In  Avidth  (transVerse  to  the  strike)  they  range  from  60 
to  110  feet,  and  in  length  up  to  110  feet.  The  depths  are  215  feet  or 
less.  .Se])arate  holes  are  in  part  connected  hy  tunnels  through  the  ad- 
jacent AAmlls. 

The  strata  Avorked  are  the  two  big  beds  of  the  WilliamstoAvn  “run.” 
The  up])er  big  bed  is  8 feet,  the  loAver  15  feet  thick  in  this  quarry.  They 
strike  N.80°E.,  and  dij)  70°  to  85°N.  The  cleavage  strikes  similarly 
but  dips  about  50° S.  The  exposures  in  this  line  of  (juarries  are  clearly 
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a very  short  distance  north  of  tlie  crest  of  an  anticline.  Grain  trends 
N.37°\V.,  and  is  vertical.  A series  of  joints  parallel  in  strike  to  the 
beds,  hut  dippino'  very  gently  (15-20°)  north  is  well  developed. 

These  quarries  have  had  a highly  varied  history,  beginning  about 
1900;  in  1927  two  of  the  openings  were  being  worked  l)y  the  iMaidiattan 
Slate  Company. 

15.  This  isolated  o])ening,  70  l)y  (15  feet  in  area,  lies  100  feet  north 
of  the  Bittner  (piarries.  In  the  middle  of  the  northea'-d  side  it  exposes 
a bed  about  11  feet  thick.  This  and  another,  more  northerly  (highei') 
big  bed,  not  here  visible,  are  said  to  lie  between  the  Blue  Mountain 
“rnn”  and  the  Williamstown  “run”  and  are  locally  known  as  the 
Kuntz  “run.”  The  strata  strike  X.72°E.  and  dip  87°X. ; cleavage 
strikes  X.80°E.,  and  dips  55°S. 

Operations  here  have  been  long  discontinued. 

16.  Maclx  Quarries.  These  seven  small  o])enings,  none  measuring 
more  than  75  feet  deep,  lie  along  the  strike  of  the  Blue  iMountain  run, 
north  of  t^narry  15.  The  beds  strike  X.70°E.,  Avith  dips  of  70-80°X., — 
evidently,  like  the  Bittner  quarries,  still  on  the  south  limb  of  the  Em- 
pire syncline,  for  the  cleavage  strikes  X".78°E.  and  dips  55°S.  The 
western  pit  exi)Oses  both  big  beds  of  the  Bine  iMountain  “run,”  the 
upper  being  15,  the  loAver  11  feet  thick,  and  the  two  separated  by  5 
feet  of  ‘‘ril)bons. ’’ 

Part  of  the  operations  here  were  carried  on  by  means  of  tunnels 
from  one  opening  to  the  next.  The  (luarrying  was  done  about  the 
year  1900  by  L.  Mack  & Company.  Good  rooting  slate  was  ])roduced. 

About  300  feet  north  of  the  eastern  one  of  the  iMack  (jnarries,  in 
the  steep  dill's  on  the  south  baidc  of  Trout  Creek,  a small  quarry  ex- 
poses the  trough  of  the  Em])ire  syncline,  here  closely  folded  and  i)itch- 
ing  6°NE. 

17.  Three  old  oi)enings  are  situated  in  a line  along  the  regional 
strike  200  feet  south  of  Trout  Creek.  The  Avestern  one  is  largest,  mea- 
suring 50  by  110  feet.  X"one  sIioavs  oA’er  30  feet  of  slate  aboA'e  AA’ater 
leA'd.  The  Iavo  big  beds  seen  in  these  (piarries  are  in  the  Trout  Creek 
“run.”  They  strike  X.75°E.  and  dip  75-87°X".  Cleavage  strike  is 
parallel  and  the  dip  is  58°S.  Grain  trends  Xk20°'\V.  and  is  vertical. 

These  openings  have  long  been  abandoned. 

18.  Four  abandoned  quarries  here  lie  close  together,  three  of  them 
(h,  c,  and  <l)  forming  a line  trending  X.60°E.  and  the  fourth  (a)  being 
about  150  feet  south  of  the  middle  one.  All  are  situated  about  half  a 
mile  N.50°E.  of  the  Lehigh  Furnace  sclniol. 

The  southern  (Quarry  a)  measures  165  by  240  feet  at  the  surface  and 
is  at  least  100  feet  deep,  Avith  a tunnel  in  the  nortlnvest  Avail.  The 
beds  exposed  include  tivo  thick  strata,  the  Middle  and  LoAver  Eocke  big 
beds,  Avhich  are  also  seen  in  (luarries  to  the  east.  The  (Middle  Locke 
bed  is  10  feet  thick,  and  separated  by  46  feet  of  tliinnei-  beds  from  the 
Lower  Locke  bed,  Avhich  is  14G>  feot  in  actual  thickness.  The  strata 
strike  N.72°E.;  they  dip  81°S.  at  surface  but  tlatten  nortlnvard  and 
doAvnward,  approaching  the  Eureka  syneline.  The  cleavage  strikes 
N.72°E.  and  dips  56°S.  (see  ]date  57,  A). 

The  other  three  openings  are  all  narroAV,  the  middle  one  being  385 
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feet  lon^'  and  the  other  two  iiiueh  shorter.  They  are  iii  the  Upper 
Loek(‘  (.Manhattan)  hiy  laal.  The  strata  here  strike  X.65°E.  and  dip 


Ali  of  these  openings  have  been  long  ahaiuloned. 

I!).  Col  Kin  hid  (Juarri/.  This  lies  about  250  feet  north  of  those 
last  deserihed.  Tlie  inaxiniuin  deptli  is  probably  !)()  feet,  l)nt  water 
rises  to  witliin  (iO  feet  of  the  ground.  At  the  surfaee  along  the  .south- 
east edae,  the  di])  is  1()°X.,  whereas  it  is  82°X.  along  the  northwest 
edge, — ill  short,  there  is  a sharp  anticlinal  fold,  the  a.xis  of  which  out- 
cro])s  a little  south  of  the  northwest  edge  of  the  ojiening,  and  a syncline 
occurs  between  this  and  the  Xo.  21  or  Locke  quarry  (see  Figure  70). 
Uleavage  strikes  X.70°E.  and  dips  45°S. 


LOCHE  QUAFfRY 
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Fij>.  70.  Section  traiisver.se  to  strike  across  Locke  and  Alanliattan 
(liiari-ies  at  Slatedale,  to  sliow  sti'uctui'c  of  the  bif>'  beds, 
lied  labelled  I’lqiei-  l.ocke  is  Aliddle  Ijocke  of  this  reiiort. 

The  beds  in  this  quarry  lie  immediately  aliove  the  Upper  Locke  or 
Maniiattan  big  bed  and  constitute  tlie  Columbia  “run”.  The  lower 
Columbia  big  bed  shows  in  the  middle  of  the  southwest  n ail.  A .second 
big  bed,  separated  from  the  last  by  50  feet  of  “ribbons”  comes  to  the 
surface  near  the  northwest  edge.  This  u]i])er  bed  bears  at  its  south  end 
a consjiicuons  gray-green,  carbon  free  layer  about  9 inches  thick,  re- 
sembling hut  believed  to  lie  higher  in  the  secpience  than  the  “Gray” 
bed  seen  at  the  Launer  and  other  quarries  near  Danielsville. 

This  quarry  Avas  operated  before  the  Avar  by  the  Columliia  Slate 
( 'ompany. 

20.  Three  small  openings,  each  about  50  feet  square,  and  none  shoAV- 
ing  more  than  50  feet  of  slate  ahoA'e  Avater  leA'el,  ai’e  opened  along  the 
bedding  strike  100  feet  north  of  the  Columbia  quarry.  They  all  shoAv 
a big  bed  12  feet  thick,  striking*  Ai.63°E.  and  dipiiing  A'ertieally.  The 
cleaA'age  di])s  more  gently,  shoAving  that  an  anticlinal  axis  occurs  to 
the  south. 

These  (piarries  are  said  to  have  been  last  Avorked  about  1925. 

;li.  Jiloos  Quarries.  These  Iavo  small  ojienings  lie  betAveen  the 
Locke  ({uai'ry  and  Slatedale.  The  northerly  one  (Quarry  a)  is  75 
feet  square  and  about  35  feet  dee]i,  but  filled  Avith  Avater  at  present. 
Ill  it  the  beds  strike  Xb72”E.  and  dip  vertically,  Avhereas  the  cleavage 
strikes  similarly  and  diifs  55°S.  It  is  said  that  this  quarry  o])ened 
the  two  big  beds  of  the  Star  or  Empire  “run”,  and  the  areal  location 
of  the  o|iening  Avith  res|)ect  to  the  ^Manhattan  big  bed  supports  this 
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statement.  It  was  last  di-ained  in  ]!)2r)  but  was  nut  extensively 
worked  recently. 

The  more  southerlj'  is  a small  hole,  80  feet  squai'e  and  probably  uO 
feet  deep  but  also  lilled  witb  water  ; the  structure  is  much  like  that  in 
Quarry  21a.  The  quarry  is  reputed  to  have  opened  the  upper  bed  of 
tlie  Keystone  “run”. 

Locke  and  Loyal  Line  (Quarries.  About  800  feet  north  of  the 
►Slatedale  Hotel  are  four  tpiarries,  which  are  s<i  close  together  that  they 
are  grouped  under  one  number.  With  i-espect  to  each  other,  they  lie 
along  the  regional  strike.  The  westei'n  is  the  Locke  quarry  and  the 
three  ea.sterly  are  generally  referred  to  as  the  Royal  Blue  openings. 
( See  Plate  58,  A ) . 

The  Locke  quarry  is  an  irregular  oiieidng,  roughly  in  the  sha])e  of 
a rectangle  with  the  west  corner  truncated,  aiul  measuring  about  500 
feet  by  350  feet  in  maximum  dimensions.  The  gi-eater  ])art  of  the  hole 
is  full  of  water,  but  in  1927  work  was  being  done  aloiig  the  northwest 
edge. 

Xear  the  southwest  corner  the  beds  strike  N.()5°E.,  and  dip  steei)ly 
north  but  along  the  northwest  edge  the  dip  is  gentler,  heia^  only  52°. 
Strike  and  dip  of  cleavage  is  X.74°E.,  b5°S.  The  inference  is  that  an 
anticlinal  crest  lies  some  distance  to  the  south  and  a .synclinal  ciacst 
immediately  north.  This  structure  is  shown  in  Figure  70,  and  in  Struc- 
ture Section  (1,  on  Plate  56. 

The  beds  expo.sed  are  the  Lower  and  IMiddle  Locke  big  beds  in  the 
southwest  i)art  of  the  oi)euiug  and  the  L"])per  Locke  (or  (Manhattan) 
big  bed  on  the  north  piece  mentioned.  The  latter  is  here  about  20 
feet  thick. 

This  quarry  is  equi])ped  with  two  mills,  a lai-ger  one  .south  of  the 
quarry  for  making  structural  slate,  and  a smaller  just  north  of  the 
opening  for  roiigli  trimming.  The  chief  products  are  electrical  and 
structural  slate.  The  (piarry  is  one  of  the  oldest  openings  at  Slate- 
dale.  The  present  operating  company  is  the  Shentou  Slate  Company 
of  Slatedale. 

The  three  oj)enings  east  of  the  Locke  quarry  are  referred  to  as  the 
Royal  Blue  quarries  and  are  also  known,  beginning  at  the  west,  as  the 
Shenton  Xo.  2.  Crescent,  and  Royal  Blue  quarries  respectively.  The 
Shentou  Xo.  2 measures  225  by  210  feet  and  is  35  feet  deep  to  water 
level.  The  Crescent  is  240  by  215  feet,  with  a tunnel  in  the  northwest 
side.  The  Royal  Blue  lies  just  Avest  of  the  higlnvay;  it  is  375  by  225 
feet  in  surface  area  and  is  about  220  feet  deep;  in  1927  the  chief  oi)er- 
alions  centered  around  tunnels  driven  into  the  OA'erhauging  north- 
Avest  side  of  the  opening. 

Structurally  the  situations  in  the  three  Royal  Blue  cpiarries  are  iden- 
tical. The  beds  generally  strike  X.75°E.;  along  the  soulheast  sides  of 
all  three  openings,  Avhich  are  e.ssentially  parallel,  the  dip  is  75°X.,  but 
it  flattens  northward  and  doAvmvard  and  in  the  eastern  tunnel  of  the 
east  opening  it  is  only  S^X.  This  flattening  of  the  beds  indicates  a 
synclinal  axis  which  outcrops  between  tbe  Royal  Blue  openings  and  tbe 
(Manhatten  quarry  to  the  north.  The  cleaA’age  is  roughly  parallel  in 
strike  to  the  beds,  but  dips  62°S.  Grain  ti'ends  X.25°W. 

The  beds  opened  include  the  two  lower  big  beds  of  the  Locke  “i-uii’’^ 
but  the  openings  are  not  carried  fai-  enough  to  the  north  to  intersect 
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PLATE  58. 


A.  View  southwest  from  Keni  <iiiarries  at  Slatedale:  Royal  Blue 
quarry  in  forejiround;  lai'jte  Ijoeke  (juarry  and  mill  in  far  distance. 

Note  the  waste  heaps. 


B.  Curvatui'e  of  cleavii^e  at  anticlinal  ci'cst,  in  bottom  of  Blue  Moun. 
tain  qiiai'ry,  east  corner;  the  beds  dii>  north  (right). 
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the  uppermost  Locke  big  bed  on  the  north  edge  of  tlie  Locke  ([uarry. 
The  Lower  Locke  big  bed  appears  on  tlie  south  edge  of  tlie  opening. 

The  synclinal  axis  liere  defined  pitclies  east,  as  bedding  and  cleavage 
strikes  intersect  westward.  Another  interesting  feature  is  the  series 
of  branching  and  gently  dipping  joints,  which  intersect  the  bedding- 
planes  so  as  to  form  acute  dihedral  angles  which  o])en  upward  to  the 
south  and  downward  to  the  northwest.  Tliese  have  introduced  serious 
diffieidties  in  tunnelling.  Near  the  nortlnvest  edge  a “loose  ribbon”, 
along  which  some  movement  has  taken  ])lace,  has  also  given  trouble, 
particularly  because  of  the  associated  joints. 

The  mill  is  south  of  the  opening.  Products  include  strnctviral  and 
electrical  material  and  some  ribboned  .slate. 

These  three  (piarries  were  oi)ened  about  11)00  under  different  manage- 
ment. The  ea.stern  pit  is  now  the  only  one  in  0])eration. 

23.  Manhaffan  and  SchunJkill  Quarrie.s.  These  two  o])enings  are 
about  1200  feet  north  of  the  Slatedale  Hotel,  and  immediately  west  of 
the  road  leading  north  from  Slatedale.  The  westerly  one  is  the  IMan- 

hattan  qiiarry.  It  measures  200  l)y  380  feet  in  area,  with  a de])th  of 

180  feet,  the  upper  8 feet  of  which  are  glacial  overburden.  The  open- 
ing exposes  a northward  overturned  anticline  with  two  big  beds,  of 
which  the  njiper  just  comes  to  the  surface  at  the  crest  of  the  anticline 
(see  Figure  49)  ; the  lower,  Avhich  here  does  not  reach  the  surface  at 
all,  is  the  northern  (LTpper  Locke,  Manhattan)  big  bed  mentioned  in 
the  description  of  the  Locke  quarry.  For  measurements,  see  Plate 

39.  The  jilane  of  the  anticline  mentioned  strikes  X.80°E.  and  dii)S 

about.  45°S. ; there  is  ]irobal)ly  an  eastward  pitch  to  the  fold,  but  the 
evidence  is  not  positive. 

The  general  cleavage  strikes  ])arallel  to  the  axial  plane  of  the  fold. 
Grain  trends  N.28°W.,  dips  7.5°E.  Joints  are  common  in  the  quarry 
bottom  and  strike  parallel  with  the  beds,  diiiping  between  30°  and 
40°N. 

This  quarry  has  been  o]ierated  by  the  IManhattan  Slate  Conqiany 
of  Slatington  since  191(1.  The  equipment  includes  two  mills,  one  of 
which  does  the  heavier  trimming,  wliile  the  other  (see  Figure  33)  is 
used  in  the  finishing  of  blackboards  and  electrical  slate.  The  comjiany 
makes  all  types  of  slate  ])rodncts  exce])t  slate  jumcils. 

The  Schuylkill  cpiarry  is  of  about  the  same  size  as  the  Manhattan 
and  shows  identical  structure.  It  is  now  flooded,  having  been  aban- 
doned about  1905.  The  west  property  line  separates  it  and  the  Man- 
hattan quarry. 

21.  Kern  (Quarries.  Three  quarries  lie  on  the  eastward  continua- 
tion of  the  strike  passing  through  the  Poyal  Pine  quarries,  and  200 
feet  east  of  the  latter.  The  three  openings  are  about  equal  in  area — 
approximately  100  by  150  feet  or  less — but  vary  in  dei)th  ; thus  the 
east  quarry  is  said  to  be  230  feet  deep,  Avhereas  the  west  o])ening  when 
visited  in  1927  had  attained  a depth  of  only  90'  feet.  The  two  easterly 
holes  are  abandoned  and  filled  Avith  Avater,  the  west  one  alone  being- 
operated. 

In  the  latter  opening  there  are  10  feet  of  glacial  overburden,  beneath 
AA'hich  the  slate  beds  strike  N.73°E.,  and  dip  71°N,  at  the  nortliAvest 
edge,  81°S.  at  the  southeast  edge.  At  the  north  edge  is  the  (Middle 
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Ijocke  big  bed  and  the  Jjower  Locke  big  bed  is  just  south  of  the  south- 
east edge.  For  thickness  measurements  of  the  beds  south  of  the  Middle 
Locke  big  bed,  see  Plate  39.  The  cleavage  strikes  N.75°E.,  dips  60°S. 

x\n  interesting  fact  iu  connection  with  this  opening  is  the  method 
of  drainage.  Water  runs  east  into  the  next  hole,  which  is  deeper,  along 
cleavag'e  and  joints,  and  the  quarry  eonii)any  pumps  from  the  east  of 
these  two  openings  to  maintain  the  eastwaixl  drainage  gradient. 

These  quarries  are  in  the  hands  of  the  J.  P.  Kern  Slate  Company 
of  Slatedale.  E(iuipment  includes  two  mills,  one  at  the  quarry  for 
tiimming  and  rough  dressing,  and  one  for  finishing  at  Emerald  (see 
(■Quarry  36).  Products  include  structural,  electrical,  and  rooting  slate, 
and  some  school  slate;  for  trimming  the  latter,  circular  saws,  7%  inches 
in  diameter  with  12  teeth,  are  used,  instead  of  the  squai'e  saws  more 
commonly  seen. 

The  two  ipiarries  to  the  east  show  a structure  like  that  described 
above;  the  easteiai  one  o|)ened  the  Lower  Locke  big*  bed  in  addition. 

25.  These  two  small,  unnamed  openi)igs,  some  300  feet  east  of  the 
Kern  cpiarries,  are  each  about  70  feet  square.  The  one  on  the  west  is 
approximately  220  feet  deep;  the  deidh  of  the  east  opening  is  not 
known  and  cannot  be  estimated,  as  it  i.s  hlled  with  water.  In  the  west 
opening  the  beds  strike  N.71°E.,  dip  83°8.  Tins  hole  opened  the  Lower 
( First)  Locke  or  Klondil<e  big  bed,  which  apjiears  in  the  middle  of  the 
southwest  side.  It  is  said  that  a tunnel  was  run  south  from,  one  of 
these  opening's  and  enconntei'ed  the  Fraiddin  big  beds. 

Loth  of  these  quarries  are  noAV  abandoned,  tbe  west  one  having  been 
operated  last  in  192.5,  the  otbei'  at  a much  earlier  date. 

25.  Sl<i))(lard  QK<irr]i.  These  two  abandoned  openings  lie  about 
half  a mile  west  of  Rextown  and  a ([uarter  of  a mile  north  of  the  Slate- 
dale  Hotel.  Tbe  ea.stern  is  rectangular  and  measures  95  by  80  feet; 
bed  rock  is  not  exposed.  The  west  o])ening  is  120  feet  Avide  and  380 
feet  long  on  the  strike  and  is  reported  to  have  reached  a depth  of  100 
feet.  The  beds  exposed  strike  N.75°E.  and  dip  75°N.  along  the  south- 
east edge,  steepening  northward  to  vertical.  They  are  said  to  have  in- 
cluded the  upper  big  bed  of  the  Manhattan  quarry  (avIucIi  see)  and  a 
pai't  of  the  overlying  Columbia  run.  Tbe  U])per  Locke  (Manhattan) 
big  bed  Avas  left  standing  on  tbe  south  side  of  the  opening.  Botli 
oi)enings  must  be  on  the  north  limb  of  an  anticline  (]Arobably  that  seen 
in  the  Maidiattan  and  Schuylkill  quarries),  for  the  cleavage  dips  south 
about  40°.  Tbe  slate  seen  on  the  dump  is  of  fair  (piality. 

These  quarries  were  ojmned  about  the  year  1860  and  shut  doAvn  iu 
1908,  tlie  last  opei-ations  being  under  the  Staiidard  Slate  Comi)any. 

27.  nice  Quarrij.  This  long  abandoned  opening  at  the  Slatedale 
Knitting  Mills  measures  about  60  by  80  Feet  and  is  filled  with  Avater.  It 
is  said  to  liaA’e  been  in  the  Washington  “run”  Avhich  here  dii)ped  45°N., 
but  as  no  slate  is  ex]Aosed  tbe  statement  could  not  be  confii-med. 

28.  il/ycr.s  Quarry.  This  opening,  2000  feet  east  of  the  Slatedale 
Hotel,  is  100  feet  squai-e,  and  tilled  Avith  Avater,  so  that  bed  rock  is  seen 
only  on  the  southeast  side,  Avhere  the  gi'ound  rises  slightly.  Here  the 
beds  strike  N.75°E.,  dip  42°N.,  Avbereas  the  cleavage  di])s  A^ertically. 
The  structure  is  thus  the  south  limb  of  the  Empire  syncline.  Strati- 
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frraphifally  tlie  (juarry  lies  between  the  Fi'ankliii  and  Washinytnn 
“inin.s”  and  tin*  hiy  bed,  10  feet  thick,  .seen  in  the  iniiklle  of  the  sonth- 
ea.st  .side  is  jn-obablv  tlie  Little  Franklin  bed.  ()|ierations  ceased  here 
in  1017. 

2!).  BJtie  Motothiiii  (Quarries.  Tliese  ai'e  two  ojteninys  jnst  noidb 
of  the  bi^’hway  and  abont  04-00  feet  by  I'oad  from  the  Slatedah*  Hotel. 
The  west  (Quarry  n)  is  a s)uall  hole  abont  0(t  feet  s(|nare,  .showing  4.7 
feet  of  slate  above  water  level.  Tunnels  are  said  to  lun'e  been  driven 
into  it.s  northea.st  and  northwest  walls,  the  lattei'  tunnel  serving  foi- 
drainage.  (One  big'  bed  (the  npi)er  one  ex]'Osed  in  Qnarry  l>.  deserilx'd 
below)  i.s  seen  at  the  sontheast  edge.  The  beds  strike  X.7.7°F.  and  dip 
40°\. ; cleavage  strikes  similarly  but  dii)s  70°S.  ; tin'  st laietnia*  i,s  thn.s 
the  north  limb  of  an  anticline.  The  ipiarry  is  not  now  laniig  worked. 
It  is  used  for  the  dis])osal  of  waste  fisnn  the  opening  to  the  (‘ast. 

(^narrv  24h  is  a large  o))ening,  ronghly  reetangnlai',  measni’ing  about 
400  by  200  feet  and  125  feet  deep.  It  exposes  the  anticline  nnmtioned 
in  describing  Quari'y  a and  the  eomi)lementary  Prudential  syneline  to 
the  south.  In  the  west  corner  at  a d('pth  of  50  feet  the  beds  strike 
X.70°E.  and  dip  4°X. ; near  the  middle  of  the  oi)ening  the  dip  on  the 
woilcing  level  is  30°8.;  and  at  a de])th  of  00  feid  along  the  sontheast 
wall  the  di])  is  vertical.  Thn.s  the  crest  of  the  anticline  mentioned  in 
describing  Quarry  a.  as  well  as  the  trough  of  the  complementary  syn- 
cline to  the  south  are  detined.  The  syucline  has  an  axial  plane  striking 
X.83°E.  and  dips  55°»S.  and  the  fold  ])itches  5°E.  IMeasurcments  of 
the  strata  are  given  in  Plate  40.  There  are  three  big  beds,  of  Avhich 
the  upper  (also  seen  in  Quarry  h)  is  13  feet  thick  ami  the  middle  aud 
lower  are  respectively  22  and  (iVi  fp<d  in  actual  thickness.  Hesides 
being  worked  in  the  cpiai-ry  bottom,  the  lowest  big  bed  i.s  mined  along 
a tunnel  in  the  northeast  wall,  but  it.  rises  so  as  to  ])ass  into  the  south- 
east (piai'i-y  wall  as  it  is  followed  south.  For  the  gemnad  structiii'c. 
see  Figure  71. 


Xear  the  trough  of  the  syucline  thci’c  is  pi'ononiiccd  fal,s('  cleavage 
on  })lane.s  striking  X.75°E.  and  dipping  43°X.,  accompanied  by  tin* 
usual  curvature  of  the  clea\’age  planes.  Here  also  there  is  a "loose 


ribbon”  (iiiovenient  on  the  Ijedding^  plane),  along  wliieb  are  numerons 
.small,  cdosely  .spaced,  calcite  filled  joints  .striking  N.5-15°E.,  and  stand- 
ing- more  or  le.ss  vertically. 

Tills  quarry  is  equipped  Avitli  a small  mill,  consisting  of  a two-.story 
building,  the  upper  door  being  used  for  Inmlier  stock  and  as  a repair 
shop.  The  present  production  includes  structural  slate,  blackboards, 
and  electrical  slate,  and  some  roofing  slate. 

The  Bine  Mountain  quarries  were  opened  in  1860  and  since  then 
have  passed  through  many  hands.  At  present  they  are  o])erated  hy 
the  Bine  Mountain  Slate  Company,  which  acquired  the  property  in 
1898. 

3U.  Bucldoivn  {Dilliard)  (Quarry.  This  old  opening  is  ahout  400 
feet  east  of  the  east  Bine  Mountain  quarry.  It  is  roughly  rectangular 
and  mea.snres  13.5  by  270  feet.  Bed  rock  shows  in  the  walls,  e.specially 
along  the  northwest  side,  but  water  fills  the  opening.  The  glacial  over- 
l)urden  locally  attains  a.  thickness  of  28  feet. 

This  quarry  is  along  the  strike  of  the  stnictures  seen  in  the  larger 
Bine  jMountain  opening,  and  is  thus  in  the  Blue  Mountain  “run”. 
One  big  bed,  probably  the  nppermo.st  of  the  Blue  Mountain  quarry,  is 
seen  at  water  level.  The  anticlinal  crest  emerges  just  north  of  the 
north  coi'iier  of  the  opening,  and  here  the  beds  strike  N.72°E.  and  dip 
about  10°N.  Cleavage  sti'ikes  N.70°E.,  and  dips  40°S. 

The  (piarry  was  02)ened  about  1900,  and  operated  by  the  Empire 
tSlate  Company  until  1917. 

31.  Five  oi^enings,  close  together  and  a little  north  of  the  Blue 
Mountain  quarries,  are  situated  east  of  the  highway,  midway  between 
Blatedale  and  Emerald.  Four  of  these  (numhered  a,  b,  c,  and  d,  from 
the  east  westward)  are  in  a line;  the  fifth  (e)  is  about  150  feet  north- 
west of  (Quarry  c. 

The  east  opening  is  160  by  75  feet  in  area  and  90  feet  deep.  It  shows 
beds  which  strike  N.70°E.  and  dij)  81°N.,  but  .stee])en  downward.  There 
are  two  big  beds  (Trout  Creek  big  beds)  of  which  the  thicloiesses  are 
19  and  24  feet,  respectively,  for  the  south  and  north  beds,  with  24 
feet  of  thinner  layers  between.  Cleavage  sti’ikes  N.70°E.  and  clips 
40°, S.  The  grain  trends  N.27°  W. 

(Quarry  h is  structurally  like  Quarry  a and  has  an  ai’in-like  projec- 
tion on  its  ea.st  side.  It  exhibits  only  the  .southerly  of  the  two  big 
beds  mentioned  above.  Quarry  c also  resembles  Quarry  a.  Quarry  d 
is  a shallow  cut  in  the  hillside  ea.st  of  the  street  railway  tracks  and 
highway;  it  ex[)oses  one  big  bed  which  shows  the  same  structural  rela- 
tions as  seen  in  the  cpiarries  to  the  east. 

Quarry  e is  an  old  hole,  long  deserted,  and  said  to  have  been  o]iened 
in  the  Fenn  Lynn  “run”,  which  underlies  the  Washington  beds. 

All  lhe.se  ipiarries  are  now  abandoned  and  none  of  their  equipment 
remains. 

52.  Roberis  aud  Peters  Quarries.  Ea.st  of  Quarry  31  a are  six 
oi:)ening.s  of  various  sizes  and  depths.  Beginning  at  the  west,  they  may 
be  lettered  a to  /.  Quarry  a is  165  by  60  feet  in  area  and  60  feet  deep 
to  water  level.  It  shows  beds  that  strike  N.72°E.  and  di})  90°  at  the 
north,  65°X.  at  the  south  edge.  Cleavage  strikes  N.44°E.  and  diiis 
44°  ,S. 
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The  three  (juarries  east  of  (Quarry  a are  o'enerally  called  the  Roberts 
quarries.  They  are  small  oimnin^’s  averaginpt  KH)  feet  on  the  side  and 
80  feet  in  depth.  Like  Quarry  a and  the  other  (juarries  numhered  02, 
they  are  in  the  Tianit  Creek  “run”  and  one  or  both  of  the  Trout  Ci'eek 
big  beds  show  in  each  opening,  .striking  N.72°E.  and  di|)]>ing  steei)ly 
north  or  vertical  at  the  surface.  The  cleavage  sti’ikes  X.77°L.  and  dips 
52 °S.  Grain  trends  X.22°W. 

Quarries  32  e and  / (Ihders  quarri(^s)  are  near  to  and  east  along  the 
strike  continuation  from  Quarry  32  d.  They  are  100  feet  sfjTiai’e  and 
about  80  feet  deeji,  and  show  the  Trout  (h'eek  big  beds,  which  ai’e  here 
17  (Lower  Trout  Creek)  and  19  {Uj)per  Trout  C’reek)  feet  thick,  with 
22  feet  of  lesser  beds  between.  The  strata  diji  82°X^.  at  the  surface, 
but  steepen  and  even  dij~)  southward  at  the  bottom.  Cleavage  and  grain 
are  as  in  the  other  quarries  of  like  number. 

The  Roberts  and  Peters  quarides  Avere  0])ei‘ated  with  success  until 
the  early  years  of  the  AVorld  War  (about  1917),  when  labor  difticultieis 
forced  cessation  of  operations. 

33.  Keiiu  (Juarrie.^.  These  are  long  abandoned.  Thev  are  situated 
about  1600  feet  due  Avest  of  RextoAvn.  The  east  oi)ening  is  60  by  105 
feet  in  area  and  .filled  Avith  Avater.  One  big  bed  (tbought  to  be  the 
(Manhattan,  Ui)jier  Locke),  11  feet  in  actual  thickness,  shoAvs  in  the 
northeast  side.  Structurally  the  quarry  is  south  of  a synclinal  axis 
(probably  the  Eureka  syneline),  as  the  beds  dip  6n°X.  in  tbe  east  side, 
but  flatten  to  a dip  of  20°X.  at  the  north  corner.  The  bedding  .strike 
is  Xi.50°E.  Cleavage  strikes  X^.70°E.  and  dips  57°S.  This  eastAvard 
coiiA'ergence  in  strike  of  beds  and  cleaAmge  suggests  a Avest  ])itcb  of  the 
structure.  Grain  trends  X.30°W^. 

The  Avest  opening  is  larger,  being  215  by  120  feet  in  area.  Some 
slate  shoAvs  on  the  soutlnvest  Avail.  Structurally  the  relations  are  as 
in  the  eastern  ojiening,  except  that  a gentle  south  dip  is  seen  at  the 
nortliAvest  edge. 

These  tAvo  quarries  Avere  opened  about  1890  and  last  operated  in 
1915. 

34.  Empire  Quarries.  These  are  half  a mile  Avest  of  Emei-ahl  and 
600  feet  north  of  the  higliAvay.  The  larger  (Avest)  quari'y  is  a land- 
mark for  most  of  the  surrounding  countiy. 

The  ea.st  o])ening  (Quarry  a)  is  a .small  hole.  125  by  70  feet  in  area 
and  45  feet,  deep  to  Avater  level.  A synclinal  fold  is  visible  in  its  east 
Avail;  this  .structure  Avill  be  inore  fully  described  in  Avhat  folloAvs.  The 
quarry  has  had  only  a small  jiroduction  and  is  not  noAV  Avorked. 

The  Ave.st  opening,  to  Avhich  the  name  Empire  (juarry  is  generally 
restricted,  is  also  knoAvn  as  the  Oplingei'  quarry.  It  is  a veiw  ii-regular- 
ly  shaped  0])ening,  roughly  400  by  200  feet  in  size.  The  maximum 
depth  is  90  feet,  but  the  Avorking  hole  nioi'e  rt*cently  dcA’cloped  along 
the  soAitheast  side  of  the  opening  is  6()  feet  beloAv  the  snid'ace.  Here 
the  beds  strike  N.85°W.  and  dij)  40°N.,  Avhei’eas  the  cleavage  strikes 
X’.82°E.  and  dii).s  55°S.  In  the  north  corner  of  tlie  <|uari’y,  hoAvevei', 
the  beds  strike  due  nortb  and  dip  15°E.,  thus  outlining  a synclinal 
axis,  Avhich  here  trends  about  N.80°E.,  and  i)itches  east  18°. 

The  quarry  shoAvs,  in  addition  to  the  syncline  mentioned,  an  un- 
usual structure  suggested  in  Figure  72.  Several  loAver  beds,  Avhen 
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tlie  lower  strata  are  more  closely  folded  than  the  upper,  and  a beddiiif; 
sli]»  fault  is  develoi>ed  aloii^  the  heddiuo-  plane  h-h'.  The  Lower  Star 
big  bed  is  at  a.  A h(“a\ily  shattered  bed  is  almost  eom])letely  cut 

out  at  c. 

viewed  along  the  axi.s  of  the  syncliiie,  show  tlie  fold  clearly,  but  higher 
Ijeds,  poorly  delined,  do  not  take  part  in  the  cni'vatnre  of  the  trough 
hid  are  truncated  instead  liy  the  lower  bed,s  themselves.  This  and  the 
heavy  shattering  and  jointing  (not  shown  in  the  sketch)  suggest  a 
shearing  movement  roughly  along  the  bedding  of  the  lower  strata, 
.similar  to  the  bedding  slip  faulting  described  on  page  166,  but  along  a 
jilane  tliat  is  nearly  horizontal,  instead  of  nearly  vertical.  Beds  wefl 
above  the  zone  of  movement  are  intact  and  continuous  uidil  they  meet 
the  upturned  edges,  but  those  in  immediate  contact  with  it  at  the  base 
of  the  synclinal  trough  are  heavily  shattered  and  dismemliered,  being 
preservetl  iiere  and  cut  out  there,  in  irregular  masses.  The  extent  of 
the  stratigraphic  ga])  ])roduced  by  the  faulting  is  measurable  in  the 
following  comparison,  which  gives  the  seiiuence  at  the  bedding  slip 
fault  near  the  nortli  emmer  of  the  Empire  ijuarry  and  that  in  the 
Eureka  quarry,  where  the  same  general  .sequence  is  recognized  ami 
Ihere  is  no  faulting. 

The  shattered  zone  evidently  rejiresents  the  cutting  out  of  a thick- 
ness of  beds  between  35  and  70  inches;  the  ipiantitative  uncertainty  is 
introduced  by  the  evident  general  thinning  of  the  sequence  in  the  Em- 
pire quarry. 

3'he  quarry  shows  in  addition  some  irregularities  in  bedding  (see 
Eigure  73),  as  Avell  as  some  almost  horizontal  joint  jilanes.  On  the 


Fig.  7;L  Ii-i'cgulaiil i<‘.s  in  block  of  bjinded  .slate  at  Fmiiire  qiiari'y. 
Tbe  “ribbon”  to  (In-  left  shows  folding,  wbereas  tbat  to  tbe  right  does 

not.  Xi. 
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pi-e.seiit  woi'kino'  level  the  joints  sti'ike  .\.72^K.,  some  (li|)|)ino'  1S°S., 
whereas  the  othei's  vaiy  in  dip  up  to  84°X.  From  what  is  known  of 
hed(lin«-  sli])  j)lanes  in  other  qnai'ries,  it  may  be  infein-ed  that  the 
l)rominent  joints  ai'e  related  to  the  sli])paye  noted. 

Prodnetioii  here  is  in  tlie  hands  of  the  American  >Sehool  Slate 
Company  and  is  aimed  chiefly  at  supplying  the  factory  of  the  comi)any 
which  is  located  near  Emerald.  Quarry  operations  were  begun  in  iSbb. 

The  machinery  includes  the  usual  mill  foi'  structmad  slate  and  e<piip- 
ment  for  a small  pi'odnetion  of  school  slates. 

35.  Custey  (^H(vr}i.  This  is  a small  vertical  opening  witli  a long 
tunnel  and  may  be  regarded  essentially  as  a shaft.  It  is  located  at  the 
turn  of  the  highway,  about  750  feet  southeast  of  the  Empii'e  (piariw. 
It  was  1125  by  00  feet  in  area,  and  was  140  feet  deep  in  10l2S,  Forty 
feet  beloAV  the  present  bottf)m  a 200-foot  tunnel  leads  northwest,  down 
the  dip,  on  the  Lower  Fi-anklin  big  bed,  but  woi-k  on  this  level  has  been 
(bscoidmued  and  tlie  lowest  40  feet  of  shaft  have  b(‘en  tilled  with  waste. 
When  visited  in  1027,  o])erations  were  carried  on  at  the  m‘w  tunnel 
level  mentioned  in  the  lii)])er  Franklin  big  bed. 

A thin  overburden  of  glacial  mateidal  covers  the  bed  rock.  Leneath 
this  the  strata  show  a small  buckle,  scarcely  to  be  regairhal  as  an  an- 
ticline, the  axis  of  Avhich  ])asses  into  the  southeast  wall  at  a depth  of 
05  feet. 

At  tunnel  level  (140  feet)  the  beds  strike  X.50°E.  and  diji  8S°N.. 
but  flatten  northward  (down  the  di]))  to  15°  and  southward  (20  f(‘et 
up  the  di]))  as  well,  being  virtually  hoidzontal  a short  di.stance  u|)  in 
the  “shaft”.  The  Fpper  Franklin  hig  bed  here  is  17  feet  thick;  data 
supplied  by  the  (piarry  foreman  indicate  that  (he  Lowei'  Franklin 
is  25^4  feet  thick  and  that  the  intei'veniug  beds  are  IS  feet  in  victual 
thickness. 

Cleavage  stidkes  approximately  X.72°E.  and  dips  58°S. ; gi'ain  trends 
X.83°W.,  and  dips  steeply  eastwaial.  An  interesting  structural  fea- 
ture is  the  false  cleavage  or  “curl”,  which  is  pi'omiuent  in  a1  least  two 
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jilaees  in  the  Up])er  Franklin  l)ig’  bed,  tlie  planes  of  the  little  cleavage 
folds  striking  and  dipping  85°N.  It  is  noteworthj^  that  at  this 

ocenrrenee  of  false  cleavage  a Avestward  convergence  in  the  strikes  of 
cleavage  and  bedding  suggests  a pitch — here  to  the  west — of  the  strnc- 
tnre,  a condition  generally  accompanying  false  cleavage  Avhen  it  is 
present  in  the  larger  beds  (see  ])ages  36  and  279). 

This  opening  is  equipped  with  a small  mill ; the  chief  product  is  roof- 
ing slate,  which  sells  at  a premium,  as  coming  from  the  Franklin  bed. 
Some  school  slate  is  also  made.  An  interesting  featnre  is  the  genera- 
tion of  water  power  by  the  fall  of  water  ])nmped  from  the  hole.  The 

0] )ening  has  long  been  prodnctive  and  Avas  taken  OA'er  by  the  present 
operators  in  1922. 

36.  Taa’o  old  openings  lie  on  either  side  of  the  railroad  tracks  and 
Tront  Creek  abont  750  feet  sontlnvest  of  Little  Rnn  Junction.  The 
southeast  one  is  ahont  70  feet  square  and  tilled  Avith  Avater.  A Avell- 
ecpiipped  mill  still  stands  south  of  the  hole,  and  is  operated  as  an  ac- 
cessory to  that  at  the  Kern  quarries,  Slatedale.  There  is  no  exposure 
of  slate  here,  bnt  nearby  ontcro])s  in  the  railroad  and  road  cuts  to  the 
east,  as  well  as  general  areal  relationships,  suggest  that  the  beds  quar- 
ried ai-e  in  the  Bine  Mountain  “rnn”,  north  of  the  crest  of  an  anti- 
cline. The  beds  jirobably  dij)  ATrtically. 

The  nortliAvesteiiy  opening  is  80  by  110  feet  in  area  and  shows  a 
little  slate  aboA'e  Avater  IoatI.  Here  the  beds  strike  N.72°E.,  and  dip 
68°S.,  Avhereas  tbe  cleavage  dips  42°S.  Strnetnralljx  therefore,  this 
quarry  is  situated  similarly  to  that  jnst  described.  No  Ijig  beds  are 
seen. 

Nothing  is  knoAvn  of  the  history  of  these  tAAm  openings. 

37.  EUk  Owens  Quarries.  These  three  openings  are  ap]>roximatelj'' 
along  the  same  stiike-line  as  the  Cnster  qnarry;  they  are  situated 
southeast  of  the  higliAvay  and  east  of  the  qnarry  mentioned.  They  may 

1) 6  designated  />,  and  c,  beginning  at  the  AA-est  and  ])rogressing  east- 

AvaiaL 

The  Avest  opening  is  abont  130  by  200  feet  in  size  and  Adrtually  rect- 
angnlar;  its  (lepth  to  bottom  is  estimated  at  60  feet,  bnt  AA’ater  fills  most 
of  the  hole.  There  is  no  a]A])reciable  overburden.  In  the  sontliAATSt 
Avail  a sharp,  nortlnvard-tilted  anticline  is  clearly  shoAvn,  Avith  one  ex- 
cei)tionally  big  bed  at  the  top.  In  the  southeast  corner  the  beds  strike 
N.65°E.,  and  dij)  32°S.,  on  the  south  limb  of  the  anticline,  AAdiereas 
the  cleaA’age  strikes  N.68°E.,  di])s  70°>S.  The  axial  ])lane  of  this  fold 
di])S  ()0°8. ; it  pitches  west,  for  at  the  north  edge  of  the  opening  the 
beds  strike  N.30°E.,  Avith  steep  north  di[)S. 

Though  measurements  AAure  made  Avith  care,  the  stratigraphic 
])osition  of  the  beds  here  exposed  could  not  be  established.  The  ex- 
ce])ti<)nally  big  l»ed  mentioned  is  abont  21  feet  in  actual  thickness,  and 
measurements  of  the  sequence  above  it  suggest  that  it  is  the  LoAver 
Fraidvlin  big  bed,  bnt  the  correlation  is  not  certain. 

Ahont  50  feet  east  of  the  o]mning  there  is  an  irregular  qnarry  shoAV- 
ing  30  feet  of  slate  above  Avater  level.  It  exjjoses  the  same  anticlinal 
crest  as  Avas  seen  in  the  (piaiay  to  the  Avest.  It  has  been  long 
abandoned,  and  Avas  last  Avorked  by  the  Carhon  Slate  Company. 
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Some  200  feet  still  farthei'  east,  and  across  Trout  Creek  is  a small 
opening,  90  by  70  feet  in  size,  tilled  with  water,  and  probably  about 
50  feet  deep.  Xo  slate  .shows  in  jtlace.  An  old  mill  building  stands  a 
short  dustanee  from  the  hole.  This  i)it  was  last  woi'ked  by  the  William 
AVilliams  Company,  some  time  before  the  World  War. 

38.  Owen  Williams  Quarries.  These  two  abandoned  (piarries  lie 
about  400  feet  north  of  the  Ellis  Owen.s  (piarries  and  north  of  the 
highway  and  traction  line.  The  we.st  opening  is  small  and  rectangular 
50  feet  .square  and  not  over  12  feet  deeji.  It  shows  beds  striking  N. 
75°E.  and  dijiping  vertically;  one  of  these  is  about  15  feet  thick,  and, 
though  not  accessible  to  mea.surement,  is  thought  From  its  structural 
relations  and  areal  ]iosition  to  be  the  Lower  Star  big  bed. 

The  east  oi)ening  is  much  larger,  being  90  feet  wide  and  450  feet 
long.  It  i.s  filled  ivith  water,  but  15  feet  of  .slate,  covered  by  10  feet  of 
glacial  overburden,  are  visible,  and  a large  duni])  toward  the  south 
Iioints  to  extensive  operations.  In  the  .south  end  two  big  beds  show 
clearly,  the  upper  being  18,  the  lower  (also  noted  in  the  <puirry  just 
described)  15  feet  thick;  the  two  are  separated  by  20  feet  of  “rib- 
boned” slate.  These  are  correlated  Avith  the  Epper  and  Lower  Star  big 
beds.  The  structTU’e  is  evidently  the  south  limb  of  the  Empire  .syn- 
cline, for  the  bedding  strikes  X’.78°E.  and  dips  A’ertically,  whereas  the 
cleavage  dips  50°S. 

It  is  not  known  how  recently  operations  ceased  here.  A mill  north- 
east of  the  openings  and  across  a secondary  road  belonged  to  the  com- 
pany. The  last  operator  was  Owen  T.  Williams. 

39.  Parry  Quarry.  This  is  a large  opening  200  feet  east  along  the 
strike  from  the  Owen  Williams  quarries.  It  is  irregular  in  shajm,  Avith 
maximum  dimensions  of  about  400  by  200  feet.  On  the  northerly  sides 
about  50  feet  of  slate  are  exposed.  These  exposui’es  display  much  small 
scale  Avrinkling,  but  the  general  structure  is  anticlinal,  the  beds  being 
essentially  horizontal  along  the  southea.st  side,  but  di])piug  about  74°X., 
Avith  a strike  of  X.72°E.  on  the  nortlnvest  edge.  The  beds  are  prol)ably 
those  of  the  loAver  part  of  the  .Star  “run”. 

Slate  on  the  dump  sIioaa's  much  cross-bedding  in  the  sandy  layers, 
(ITgure  74)  and  “curl”  (false  cleavage)  is  also  present  in  such  beds. 


Fi}>'.  74.  Parry  <niai'i'y;  detail  of  eross-heddiii^'  in  a sandy  layer.  The 
eross-beddiiifi'  is  towai'd  the  west  (left),  showiii};'  that  these  euri-ents 
eame  from  the  east.  X 1/H>. 

This  quarry  Avas  oi)erat(‘d  by  the  .'81atington  8!late  Oompany  from 
1875  until  1925 ; it  is  uoav  idle. 

40.  Emerald  Quarry.  This  opeidng  is  on  the  southeast  edge  of 
the  little  toAvn  of  Emerald.  It  is  about  200  Oa-  !)()  feet  in  area,  of  ir- 
regular outline.  (In  the  southeast  edge  20  feet  of  slate  .sIioaa'  aboA’e  the 
Avater  Avith  Avhich  the  (piarry  is  filled,  but  the  surface  declines  north  to 
Avater  level. 
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The  beds  stidl^e  N.68°E.  and  dip  steeply  .sontli  at  the  south  edge  of 
tile  opening,  more  gently  nortli  at  the  north  edge,  showing  that  there 
is  an  anticlinal  axis  to  the  sontli.  The  cleavage  strikes  N.80°E.  and 
dijis  33°N.  Grain  trends  X.27°\V.  and  dips  85°E. 

Two  t)ig  beds  show  near  the  southwest  edge,  a lower  one  9 feet 
thick,  and  an  upper  6 feet  thick,  separated  by  9 feet  of  thinner  beds. 
These  are  jirobably  in  the  Knntz  “run”,  which  lies  between  the  Blue 
iMountain  and  Williamstown  “runs”  and  is  also  ex])osed  in  part  of 
Quarry  No.  15. 

Nothing  is  known  of  the  history  of  tliis  (juarry. 

■it.  A small  iiit,  100  by  40  feet  in  size,  is  located  about  400  feet 
southwest  of  the  west  Hazel  Dell  (piarry  and  100  feet  north  of  Trout 
Greek.  It  is  thought  to  lie  about  the  horizon  of  the  Blue  Mountain 
“run";  one  big  bed,  the  stratigraphic  ])osition  of  which  could  not  be 
definitely  ascertained,  shows  in  the  west  corner.  The  bedding  here 
strikes  N.(i5°E.,  and  di]w  58°S.;  cleavage  strikes  >i.83°E.  and  dijis 
43°S.  The  structure  is  thus  the  uoihli,  overturned  limb  of  an  anticline. 
Nothing  is  known  of  the  history  of  this  ((uarry;  it  has  evidently  long 
been  idle. 

-12.  Old  Franl'lin  (^tnarrics;.  East  of  the  Barry  quarry  and  a little 
south  of  its  eastward  strike  continuation  is  a line  of  almost  continuous 
openings  extending  for  2()()()  feet  along  the  Franklin  “run”.  The  mid- 
dle of  this  stretch  is  occupied  l)y  one  exceptionally  long  excavation  de- 
sci’ibed  below  as  the  Big  Fiaudvlin.  West  of  it  are  three  se])arate  open- 
ings, of  which  the  western  is  generally  called  the  Old  Franklin  and  the 
east  two  the  Steckel  quarries.  In  this  report  all  three  of  these  are 
referred  to  as  the  (.)ld  Franklin. 

The  two  westerly  of  the  Old  Franklin  openings  are  each  about  120 
feet  square.  Each  shows  50  feet  of  slate  in  the  noi'thwest  wall.  Bed- 
ding and  cleavage  strike  N.70°E.,  the  beds  dip  10°N.  and  the  cleavage 
5(FS.  Minor  ci'um])ling,  resembling  that  described  in  the  Parry  quar- 
ry, is  also  seen. 

The  east  opening  is  larger,  being  about  225  feet  sipiare.  It,  too,  is 
Hooded,  but  25  feet  of  slate  are  seen  above  the  watei',  covered  by  18 
feet  of  poorly  stratified  overburden.  The  beds  are  horizontal  along 
the  north  edge,  and  dip  43“N.  along  the  southeast  side.  Their  strike 
is  N.50°E.,  whereas  the  cleavage  strikes  N.80°E.  and  dips  52°S.  The 
westward  convergence  of  the  strikes  of  bedding  and  cleavage,  coui)led 
with  the  north  dij)  of  beds  suggest  a westward  pitching  anticline,  the 
opening  being  in  the  iiortli  limb.  No  cons])icuons  big  beds  are  seen, 
but  the  strata  worked  were  prol)ably  iu  the  Fraid^lin  “run”. 

The  e(iuipmcnt  for  this  group  of  o])eidngs  lias  been  removed.  The 
ipiarries  are  in  jiart  very  old,  one  of  tIkmu  dating  to  1846.  The  west 
o|)eidng  is  said  to  have  been  ojierated  by  the  Slatington  »Slate  Company. 
The  two  east  o])enings  were  first  operated  by  the  Steckel  Slate  Com- 
])any.  All  have  been  abandoned  for  some  time. 

-id.  Jii(/  Fr(n)l-li)i  (}varr\i.  This  is  the  largest  excavation  in  the 
Slatington  region,  being  about  lOOO  feet  long  and  130  feet  wide.  The 
depth  is  said  to  reach  250  feet,  maximum.  Strictly  speaking  it  con- 
sists of  five  separate  openings  with  narrow  dividing  walls  between,  bid 
the  latter  are  not  visible  now  on  account  of  the  high  water  level.  These 


slatix(;t( )X  (iucK  i* 


;!()i 

separate  holes,  in  ordei'  eastward  wei'e  railed  the  St('ekel  quai’i’v,  the 
two  ( arhon  (Woods)  ((iiarries.  ;iiid  the  twn  (Triffith  Hrethers  ((uarries. 
Since  the  fi'eolojiy  is  essentially  alike  and  the  separating  walls  aia*  not 
visihle,  these  will  all  he  lumped  toyethei-  under  one  name  and  descrip- 
tion. 

(lenerally  20  to  40  feet  of  slate  .show  ahove  watm-  level  on  the  south- 
east and  northwest  sides  of  this  lono-  eut ; the  hed  rock  is  eovei’ed  with 
an  overhuialen  of  28  feet  of  g-lacial  material,  and  the  sides  have  been 
furthei-  heig’htened  hy  waste  heaps. 

The  qiiari'y  is  opened  ju.st  north  of  an  anticlinal  axis,  and  tin*  beds 
dip  steeply  iiorth  as  a eonsetpience.  The  general  stidke  of  the  heddiny 
is  X.65°K.,  and  the  dii)s  vary  between  68°  and  7d°N.  At  some  de|)th 
the  dip  is  reversed,  so  as  to  i)e  soutlnvaial  and  this  south  di]i  is  said  to 
be  maintained  to  the  greatest  depths  I'eached.  The  cleavage  strikes 
Xi.72°E.  and  dips  52°, S.  drain  trends  N.28°W.  and  forms  vertical 
planes.  There  are  variations  in  the  direction  and  degree  of  pitch  of 
the  stiuicture  as  indicated  hy  the  traces  of  beds  on  cleavage  jdanes;  the 
])itch  is  noAvhere  great,  however. 

This  series  of  o])eidngs  lies  along  the  big  beds  of  the  Franklin  “run”. 
4’he  bottom  of  the  Lowei'  Franklin  hi”-  heil  foi'uis  the  southeasi  side 
of  the  ])reseut  o])ening  and  the  top  of  the  Fp])er  Fraid^lin  big  bed 
shows  in  the  middle  of  the  southwest  wall. 

No  eipiipment  remains  nearby.  Most  of  the  <iuarrying  was  cai'i'ied 
on  between  1880  and  1017,  when  the  last  of  this  “dolden  .Line",  the 
Carbon  quarry,  was  shut  down,  the  driffith  having  been  closed  in  1011, 
and  the  Steckel  quarry  yet  earlier.  This  gi'oup  was  ju-ohably  tlu'  most 
protitalde  of  all  of  the  Slatington  quari'ies. 

44.  Pi'ovidenf  and  Ildzel  Dell  (J ua r)‘ie.s.  These  s('Veu  (piarries  form 
a line  along  the  strike  with  resi)ect  to  eaeh  other,  and  may  thus  he 
discussed  together.  They  are  situated  1000  feet  north  of  the  railroad, 
between  Emerakl  and  Slatington.  The  western  three  are  the  Hazel 
Dell,  the  next  three  ea,sterly  are  the  Pi'ovident,  and  a small  hole  still 
farther  east  is  an  accessory  opening  to  the  East  Carbon  (piai-ry.  For 
convenience  they  may  he  numbered  from  a to  (/.  beginiung  with  tin- 
west  opening  and  going  east. 

Quarry  a measures  100  by  185  feet  in  i)lan  and  shows  25  feet  of 
,slate  ahove  water  level.  The  beds  sti-ike  X.57°E.  and  dij)  85°N.,  wlu-re- 
as  the  cleavage  strikes  X'.78°E.  and  di])s  about  45°S.  The  F])per  Wash- 
ington big  bed  shows  at  the  sui’face  near  the  middle  of  the  northeast 
side,  but  the  Lower  Washington  big  bed  is  not  exposed.  The  (juany  is 
opened  on  the  north  limb  of  an  anticline,  the  westward  i)itch  of  which 
is  indicated  by  the  westward  convergence  of  the  bedding  and  cleavage 
sti'ikes. 

Quarry  h shows  much  the  same  dimensious  and  structiu'e  as  Qiiai’ry 
a.  Quarry  c is  akso  similar,  hut  the  beds  dip  much  moi-e  gently  uoi-th 
and  show  a .slight  roll.  Two  big  beds,  the  rpj)e)'  and  IjOwci-  Wasliiugton, 
are  clearly  seen  in  the  east  wall  here;  they  are  further  described  below. 

Quarries  d,  e,  and  / are  similar  in  si/u-,  measuring  on  an  avei'agc- 
about  120  feet  square.  The  bottoms  are  tilled  with  waste  and  watei-. 
In  them  the  beds  strike  X.67°E.  Tlie  dip  varies  greatly:  in  Quarry  d 
the  beds  ai'e  horizontal  in  the  southeast  conu-r.  but  dij)  vertically  or 
steeply  .southward  at  the  northwest  edge.  A minor  anticlinal  fold  is 
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llius  exposed.  Quarries  e and  f,  however,  are  nortli  of  the  strike  of 
this  fold  and  tlins  show  only  the  stee]dy  dii)ping  north  limb.  They 
were  both  opened  in  two  big  beds — those  of  the  Washington  “rnn” — 
and  the  intervening  “ribbons.”  The  Upper  AVashington  big  bed  is 
here  19  feet  thick,  with  IB^/o  feet  of  “ril)boned”  slate  between  it  and 
the  Lower  AVashington  big  bed,  Avhich  is  about  20  feet  thick. 

The  average  strike  of  cleavage  in  these  easterly  openings  is  about 
N.80°E.,  with  a di])  of  45°!S.  Grain  trends  N.22°W.  and  dips  85°E. 

Qnariy  g is  a small  opening  75  feet  scpiare,  70  feet  deep  to  water 
level.  It  shows  the  Lower  hnt  not  the  U]p)er  AVashington  big  bed, 
here  striking  N.70°E.  and  dipping  78°S.  A tnnnel  leads  east  from 
this  opening. 

These  several  holes  have  had  a highly  varied  histoiy.  They  were 
extensively  worked  in  the  “hoom”  days,  and  one — which  of  them  is 
nncertain — is  said  to  have  been  sunk  to  a dei)th  of  430  feet.  All  were 
important  producers  from  the  AVashington  “rnn.” 

45.  Peters  Quarries.  These  two  openings  lie  east  along  the  strike 
continuation  of  the  Big  Franklin  (piarry  and  immediately  adjacent  to 
tlie  latter.  The  west  o])ening  is  220  feet  by  125  feet  in  size  and  the 
east  is  75  by  125  feet.  Dei)th  to  water  level  in  both  is  about  80  feet. 

Tlie  two  Franklin  big  beds  were  worked  in  these  quarries;  the  east 
o]iening  has  the  Upper  Franklin  big  bed  forming  its  northwest  edge 
and  the  west  opening  shows  the  Lower  Franklin  big  bed  along  its 
southeast  side.  (Plate  59,  B.)  The  strata  strike  N.65°E.  and  dip 
north,  varying  from  60°  at  the  south  edge  to  vertical  along  the  north- 
west quarry  sides.  They  steepen  at  depth  and  finally  turn  to  dip 
south,  thus  evidently  being  on  the  crest  of  an  anticline  which  here 
pitches  gently  west.  Cleavage  strikes  N.67°E.  and  dips  about  40°S. 

Jointing  is  conspicuous,  especially  in  the  west  opening.  The  large 
beds  show  it  best,  ju'obably  because  inter-bed  movement  served  in  lieu 
of  jointing  in  the  thinner  layers.  That  the  bedding  planes  were 
roughly  parallel  to  the  ideal  planes  of  movement  is  shown  hy  the 
fact  that  joints  in  many  -jdaces  cut  the  larger  beds  parallel  to  stratifi- 
cation ]Janes,  so  that  these  beds  come  to  suggest  a series  of  thin  strata. 
The  dip  of  many  joints  also  approaches  horizontality ; thus,  in  15 
observations  of  the  dip,  only  one  was  steeper  than  42°. 

The  history  of  these  quarries  is  uncertain  and  much  the  same  may 
be  said  of  their  property  lines.  The  east  opening  was  for  a time  at 
least  operated  by  the  company  that  quarried  slate  on  the  Fairview 
])roperties  (see  Quarry  46.)  Presumably  both  have  been  shut  down 
since  the  depression  of  1917. 

46.  Fairview,  East  Carhon,  Old  Columhia  and  nearby  Quarries. 
Nine  0].)enings  lies  east  of  the  Peters  and  Provident  quarries,  halfway 
lietween  ‘Emerald  and  Blatington  and  about  1000  feet  north  of  the 
highway.  Tliese  are  so  closely  s]iaced  that  separate  numbering  on  the 
small  scale  map  is  not  po.ssible.  Figure  75  is  a key  map  to  serve  in 
the  descriidion.  In  this  figure  only  the  lettered  openings  are  included 
under  Quarry  No.  46.  The  letters  used  in  that  figure  correspond  to 
the  text  designation. 

Quarry  a is  only  40  by  40  feet  in  size  and  perhaps  20  feet  deep,  now 
filled  with  waste  and  water. 
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Fig.  75.  Sketcli  map  of  Quarry  4()  aiul  ad.jaroiit  <|iiari  ies  to 
sorv'e  as  key  in  locating. 


Quarries  h,  c.  and  (1,  (tlie  Pdiirview  openings)  lie  along  the  .strike 
from  each  other,  (iOO  feet  northeast  of  tlie  east  Quarry  No.  45.  Tliey 
measure  40  by  80,  65  by  105,  and  65  by  100  feet  respectively  from  the 
west  eastward.  In  deidh  all  are  about  80  feet  to  water,  Init  may  well 
be  deei)er.  The  beds  strike  X.70°E.,  dij)  85°N.,  steei)ening  at  greater 
depths  to  vertical.  The  cleavage  .strikes  N.70°E.  and  dips  45°.5.  Grain 
trends  N.SO®^.  and  is  vertical. 

In  the  northeast  and  southwest  walls  are  excellent  ex])()snre.s  of  the 
Franklin  big  bed.s.  The  Upper  is  here  13,  the  Lower  17  feet  thick, 
and  the  two  are  separated  by  13  ( ?)  feet  of  “ribboned’’  slate. 

The  company  that  (piarried  here  had  connections  between  the  open- 
ings by  tunnel,  and  extended  its  ()]mi-ations  .southward  as  rvell  so  as 
to  carry  them  beneath  the  north  Avail  of  the  East  Garbon  qnan-y.  Avhich 
necessitated  the  ])aynient  of  a royalty  to  the  oi)erator.s  of  the  latter. 

Quarry  e is  actually  a northward  jirojection  from  the  East  Carbon 
quarry.  It  is  80  liy  150  feet  in  areal  dimensions  ami  70  feet  dee]i. 
Near  its  .southeast  edge  the  Little  Eraidvlin  big  bed  ontci'ops,  here  14 
feet  in  thickness.  The  bed.s  strike  N.()3°E.  and  dij)  70°N. 

Quarry  /,  the  East  Carbon  quarry,  Avas  once  a very  profitable  o])en- 
ing  of  highly  irregular  shape.  Its  maximum  length  at  right  angles 
to  the  .strike  is  310  feet  and  its  Avidth  525  feet;  70  feet  of  slate  are 
visible  in  the  ])resent  Avails.  The  beds  shoAvn  extend  npAvard  fi-om  the 
Upper  'Washington  big  bed  ; this  bed  sIioavs  in  a hi  idge-like  projection 
near  the  sontlnve.st  side  of  the  quarry.  The  LoAver  'Washington  big- 
bed  lie.s  beneath  the  dump  south  of  the  ({uari-y.  The  beds  here  laid 
bare  are  on  the  north  liml)  of  an  anticline.  Dij)  vai'ies  from  70°S,  at 
the  south  edge  of  the  opening,  to  58°N.  along  tlu'  nortliAvest  side;  the 
general  .strike  is  N.60°E.  The  cleavage  strikes  similarly,  dips  42°S. 
This  Avas  one  of  the  most  ])rodnetive  quarries  at  Slatington. 

Quarry  (j  is  generally  referred  to  as  the  Old  Columbia.  It  is  55  by 
300  feet  in  ground  i)lan  and  80  feet  dee})  to  Avater  level,  but  probably 
much  dee])er  yet.  It  is  opened  along  the  ontcro])  of  tlie  tAvo  Franklin 
big  beds,  of  Avhieh  the  I^p])er  is  here  141/2  fetd  in  thickness,  and  sepa- 
rated by  1314  feet  of  “ribboned’’  slate  from  the  Lower  Franklin  big 


804 


SLATE  IN  PENNSYLVANIA 


l)e(l,  wliicli  is  16%  feet  thick.  In  the  extreme  .south  mid  of  tlie  open- 
ing, the  Little  Franklin  big  bed,  already  mentioned  in  describing 
Qnarry  e,  iis  seen.  The  beds  steejien  northward,  so  as  to  dip  80°N. 
near  tl'ie  northwest  edge,  fhongh  the  dip  is  only  66°N.  along  the  south- 
east side ; this  structural  relation,  is  like  that  in  tlie  Fairview  openings 
already  deseidbed.  Cleavage  strikes  N.70°E.  and  dips  47°S. ; grain, 
trends  N.37°W.  and  di]is  85°E.  This  quarry  -was  operated  by  the 
Steekel  Slate  C'ompany,  which  first  opened  the  Washington  beds  to 
the  south  (in  the  present  Ea.st  Carbon  quarry),  and  then  Avorked 
north,  transverse  to  the  strike,  piling  up  new  Avaste  in  its  abandoned 
hole  to  the  south  and  ultimately  quarrying  the  Little  Franklin  and 
the  Upper  and  LoAver  Franklin  big'  beds. 

Quarry  Ji  is  an  irregularly  L-.shaped  opening  Avith  maximum  dimen- 
sions of  225  by  200  feet.  It  is  filled  Avith  Avater,  hut  the  depth  is  es- 
Lmated  to  attain  100  feet.  At  the  north  corner  the  beds  strike  N.67°E. 
and  dip  85°S.,  but  steepen  soutliAvard  so  as  to  di]-)  steeply  north.  AAdiich 
suggests  the  approach  of  a synclinal  axis  to  the  north.  The  tAvo 
Franklin  big  beds  are  exposed,  the  Tipper  shoAving  along  the  north- 
AA'est  side  of  the  quarry.  Cleavage  strikes  N.67°E.,  and  dips  45°8!. 
Crain  trends  N.29°AV.,  dips  vertically. 

Quarry  i has  its  longer  dimension  in  an  east-Avest  direction.  Tt  is 
■'0  by  110  feet  in  size  and  sIioaaas  a little  slate  in  the  southeast  edge 
above  the  AA'ater  Avith  Avhich  it  is  filled.  Here  the  beds  dip  73°N.  One 
bed  12  feet  thick  is  seen  near  the  south  corner;  this  is  probably  the 
LoAvei'  Washington  big  bed. 

This  and  Quarry  h AA'ere  operated  by  A.  P.  P>erlin,  but  hav'e  been 
long  shut  doAA'u.  They  are  frequently  referred  to  as  the  Old  llerlin 
iptarries. 

47'.  Quarries.  This  is  a gi'oup  of  three  0]ienings  half 

a mile  east  of  Emerald  and  200  feet  north  of  the  higliAvay.  They  may 
be  lettered  from  the  AA'est  eastAAmrd,  r/,  h,  and  c.  Quarry  a is  an  L- 
shai)ed  liole  having  a maximum  length  of  215  feet  and  a Avidth  of  65 
feet.  Only  a small  amount  of  slate  is  actually  exposed  abow  Avater 
level.  The  beds  strike  N.67°E.  and  dip  61°>S.,  AAliereas  the  cleavage 
strikes  N.77°E.  and  dips  43°S.,  AA'hich  suggests  the  north  limb  of  an 
anticline  tipi)ed  to  the  north. 

Quarry  b is  150  feet  Avest  of  Quarry  c.  Tt  is  a small  opening  of  ir- 
regular sha])e  shoAving  no  slate  in  ])lace  above  Avater.  Tt  is  said  to  haA'e 
furnished  access  to  a tunnel. 

Quarry  c is  the  largest,  being  140  by  265  feet  in  size,  and  is  roughly 
rectangular.  It  uoav  serves  as  an  ice  pond.  No  slate  is  seen  in  place 
ahoA'e  the  Avater. 

It  is  generally  agreed  among  (|uarrynien  that  these  openings  Avere 
in  the  AVilliam.stoAvn  “i'uia”  and  Quarries  n and  h are  both  reported 
to  have  ])rodueed  slate  from  the  tAvo  AA^illiamstoAvn  big  beds. 

Quany  a was  opened  by  Henry  AUilliams  and  Quarry  5 by  Nicholas 
Oavcus  ill  1910.  Quarry  c is  a tjart  of  the  Hughes  group  of  quarries 
(Avhich  see  umho-  Quarry  48).  None  of  these  has  been  actiAV  since  1910. 

48.  Utif/hes  (Quarries.  These  tAvo  openings,  on  op])Osite  sides  of 
1he  Emerald-RIatington  higliAvay  and  a thousand  feet  soutliAA^est  of 
the  National  School  Slate  Factory,  are  ATry  old,  having  been  described 
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by  SaiuU“]\s'  as  active  in  1880.  the  ^vest  ])it  is  the  sinallei';  it  lies 
directly  west  of  tli(>  liijilnvay.  measures  175  by  115  fi'et,  and  is  filled 
with  waste,  so  tliat  veix'  little  slate,  is  visible.  Struct ui'ally  this  is 
like  the  easteiui  opeuiiic'. 

The  ea.st  ((uarry  is  500  by  180  feet  iu  size,  the  ma.xiioum  (.limeusiou 
being  along  the  strike.  It  shows  80  fei't  of  .slat('  along  the  southeast 
-side.  The  structure  is  eomi)lex,  the  beds  along  the  southeast  side  sti'ik- 
iiig  X.(i8°E.  and  dipping  15°S.,  whereas  the  cleavage  has  a gentler  dip 
to  the  .south;  along  the  northwest  edge,  howevei-,  the  dip  is  1’8°N. 
This  strnctiire  is  interpreted  as  a Hat  syneiim',  the  a.xis  of  which 
emerges  along  the  north  side  of  the  o|)ening  ( S(‘e  Figure  70).  I’he 
Lower  Williamstown  big  laal  still  shows  alona  the  south  <piari‘y  edge. 
The  Upper  big  bed,  howevei'.  is  nowhere  visible;  it  should  outcrop 
in  the  bottom  of  tlie  opening. 


Fig.  70.  Section  aert.ss  eastecii  Hiiglu's  (|iiarrj-,  between  Ffinerabl 
and  Slatington,  to  show  inferred  structure.  Tlie  pai'ts  accessil)le  to 

observation  are  indicated. 


The  slate  on  the  dump  is  .sandy  and  .somewhat  faded  and  some  pieces 
show  noteworthy  develo|)ment  of  fracture  cleavage. 

These  ([uarries  were  oiiened  by  Henry  Williams  hut  later  oix'rated 
by  William  Hughes.  They  were  abandoned  about  lilOO. 

4!).  Two  .small  openings,  long  abandoned,  are  situated  about  7()() 
feet  northwest  of  the  Williamstown  quarries,  overlooking  Trout  Creek. 
The  easterly  or  main  opening  is  a cut  in  the  hillside,  70  by  (iO  feet  in 
size.  It  exjioses  about  50  feet  of  slate,  including  one  bed  18  feet  thick 
(see  Plate  111.)  The  correlation  of  this  seipumce  is  nucerlain,  hut 
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the  l)ig'  bed  may  Avell  be  tlie  Uppei*  Blue  Mountain  big  bed, — an  inter- 
pretation generally  accepted  by  quarrynien  and  favored  by  structural 
and  areal  relations. 

On  the  nortlieast  side  the  beds  strike  N.7()°E.  and  di]i  6()°N. ; cleav- 
age strikes  N.7()°E.,  di]i.s  45°8.  The  structure  is  inferred  to  be  the 
north  limb  of  an  anticline;  this  interpretation  is  favored  by  the  steep- 
ening of  the  beds  at  dei)th.  Grain  trends  N.42°W.  and  is  vertical. 

The  smaller  opening,  250  feet  west,  is  30  by  30  feet  in  area;  it  shows 
essentially  the  same  structure,  but  is  topogra])hically  and  structurally 
lower,  so  that  the  beds  dip  south. 

Xothing  is  known  of  the  history  of  these  two  (piarries. 

.50.  Itof]}  (Quarries.  About  1400  feet  north  of  Kextown,  on  opposite 
sides  f)f  the  northward  road,  aix*  two  old,  long  abandoned  quarries.  The' 
west  ■o])ening  is  about  100  feet  west  of  the  road ; the  east  quarry  is  500 
feet  east  of  the  road  and  of  the  Kextown  school.  Neither  shows  slate 
in  jdace,  and  no  data  are  available  as  to  structure  or  stratigraphy.  Both 
are  little  more  than  prosjiects,  opened  by  Milton  Roth  about  1900. 

51.  nine  V alien  Quaryij.  This  large,  irregular  o])ening  is  the  west 
one  of  several  extensive  (piarries  situated  about  half  a mile  northeast 
of  Rextown.  Its  maximum  areal  dimensions  are  about  685  by  400  feet, 
and  some  40  feet  of  slate  are  visible  above  water  level,  covered  by  a 
thickness,  locally  amounting  to  30  feet,  of  glacial  till. 

This  opening  shows  two  close  folds,  the  Eureka  syncline  and  the 
complementary  anticline  to  the  south.  Both  are  tipped  nortlnvard,  so 
that  the  axial  planes,  which  strike  about  N.75°E.,  dip  60-65°S.  The 
anticlinal  axis  emerges  at  the  surface  about  255  feet  north  of  the  south- 
east edge  of  the  quarry  and  the  .s;\melinal  axis  about  250  feet  farther 
north.  At  the  northerly  edge  of  the  opening  there  is  evidence  that 
the  beds  ai'e  flattening  again  near  a second  anticlinal  cre.st. 

Three  big  beds  are  seen  here.  One  of  these  comes  to  the  surface  at 
the  extreme  southeast  corner  of  the  0]iening  on  the  south  limb  of  the 
anticline,  intersects  the  surface  once  more  on  its  north  limb  at  about 
the  middle  of  the  opening,  and  reappears  at  the  north  edge  on  the 
noi-th  limb  of  the  syncline  already  described.  This  is  the  Upper  Star 
(ITpiier  Empire,  I^p])er  Eureka)  big  lied.  The  next  big  bed  below, 
which  just  fails  to  reach  the  .surface  at  the  northwest  edge  of  the  open- 
ing can  be  correlated  by  measurement  with  the  lower  big  bed  in  the 
Empire  ((uarry.  The  highest  big  bed  ex])Osed  is  that  preserved  in  the 
syncline, — the  Klondike  or  Lower  Locke  big  bed  also  .seen  in  the  Locke, 
Royal  Blue,  and  Kern  (piarries  at  Blatedale.  For  these  structural 
relations,  the  reader  is  referred  to  Figure  8. 

Shattered  drill  cores  (.see  Plate  13,  A)  suggest  the  presence  of  a 
zone  of  movement  at  dejith  in  the  northwest  end  of  the  opening’.  This 
quarry  was  first  ojiened  about  1875.  Subsequently  it  iiassed  through 
many  different  hands  until  it  came  into  the  possession  of  the  Blue 
Valley  Slate  Company,  the  present  owners.  It  was  shut  doAvn  at  the 
beginning  of  the  World  War.  Recently  exploratory  drilling  has  been 
carried  on  at  the  north  edge  of  the  opening. 

The  mill  and  tini.shing  eipiipment  at  the  north  end  of  the  quarry  were 
being  leased  to  the  Keystone  Slate  Company  by  the  owners  of  the 
Blue  Valley  quarry,  when  visited  in  1927, 
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52.  This  small  ()ponin>i'  i.s  situatetl  just  across  the  laiilroad  s]mr, 
about  400  feet  east  of  the  south  corner  of  the  lllue  Valley  qiiari'y.  Xo 
slate  is  visible  above  water  level.  The  opeiiiug’  is  To  feet  squai'e  ami 
long-  abandoned. 

53.  Eurel'd  and  Mountain  (J)tarries.  Three  ((uan-ies  lie  close  to- 
gether about  1200  feet  east  of  the  Blue  Valley  (juarry  ami  on  the 
strike  eontinnatio]i  of  its  struetnre  ami  beds.  Beginning  at  the  west, 
they  may  he  designated  a,  h,  and  c. 

Qnarry  a is  the  Old  Eureka  quarry.  It  i.s  rhomboid  in  sliajie,  and 
abont  2(')0  by  350  feet  in  size,  with  the  longest  dimension  noi-thwest. 
Depth  to  water  level  is  about  135  feet.  Ifeneath  8 feet  of  glacial  over- 
burden l)ed  rock  is  exposed.  This  shows  the  same  two  folds  noted  in 
the  Bine  Vallej*  qnarry.  The  axial  planes  strike  somewhat  more 
northerly  here,  a])proximately  X".65°E.  Detailed  observation  in  the 
syncline  shows  that  the  cleavage  jilanes  flare,  fan-lik(‘,  downward  (see 
Figure  77),  In  this  fold  joints  striking  N,70-SO°E.  are  seen  to  dij) 
5-15°S.  on  the  south  limb  ami  10-20°X.  on  the  north  limb;  their  at- 
titudes thus  appear  to  be  deflnitely  related  to  the  folding.  At  the 
north  edge  there  is  again  the  flattening  observed  in  the  Blue  Valley 
quarry,  for  the  beds  strike  X.72°E.  ami  dip  oidy  35°S.;  evidently  the 
anticlinal  axis  mentioned  in  describing  the  Blue  Valley  opening  is 
not  far  north  of  the  northern  edge  of  the  Old  Eureka  ({uarry  (Fig.  48). 


Fig.  77.  Detailed  sketch  t)f  syiicline  with  Klondike  hig  bed  and 
higher  strata,  as  seen  in  east  wall  of  Fureka  <iiiarry.  Note  thicken- 
ing of  fold  at  crest  and  noi-th  limb,  as  compared  with  south  limb; 
note  especially  the  i-adiating  arrangement  of  the  cleavage  and  the 

attitude  of  Joints. 


The  strata  exposed  include  the  same  three  f»ig  beds  as  at  the  Blue 
Valley  quarry;  they  are  shown  in  Figure  48.  The  Lower  Star  is  the 
liighest  bed  of  the  anticline  to  reach  the  surface;  the  Klondike  is  the 
big  bed  in  the  .synclinal  axis;  and  the  Fipier  Star  otitcrops  midway  be- 
tween the  two. 

This  quarry  is  not  now  operated. 

Quarry  h is  .smaller,  being  aiiproximately  125  feet  wide  ami  210  feet 
long.  It  is  the  New  Eureka  quarry.  As  this  opening  lies  only  about 
100  feet  east  of  the  Old  Eureka,  and  directly  along  the  strike  con- 
tinuation, it  shows  essentially  the  same  .structure,  the  Lower  .Star  big- 
bed  coming-  to  the  surface  at  the  anticline.  Quarrying-  has  not  been 
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cai'i'ied  far  enough  iioi'th  to  expose  the  Eureka  .syncliiie,  lio-wever,  and 
so  the  KloiuUke  bin'  bed  is  jiot  worked  (see  Figure  8),  tiie  clear  stock 
being  furni.shed  by  the  Lowei-  and  U])i)er  .Star  l)ig  beds. 

Near  tlie  axis  of  tlie  anticline  j)i-oininent  openings  parallel  to  the 
beds  are  filled  with  (inartz.  Here,  too,  nnnierons  joints  are  observed 
•striking  ])arallel  to  the  axis  and  dipi)ing  generally  about  20°N.  or 
20°S.,  in  this  respect  i'esend)ling  those  mentioned  in  describing  the 
Old  Eureka  opening. 

The  mill  equipment  ineindes  two  roofing  slate  shanties,  two  school 
slate  saws,  and  tin'  usual  trimming  saws,  planers,  and  rid)bing  beds. 
An  accessory  mill  serves  for  polishing  oidy.  In  1928  the  quarry  was 
oi)erated  by  the  Slatington  Slate  Company,  which  took  it  over  in  1917 
and  has  operated  it  continually  since. 

Qnari-y  c is  called  the  iMonntain  quarry.  Though  one  opening  when 
ils  outline  at  the  sniT'ace  is  considered,  this  is  really  two  separate  holes 
into  bed  rock,  of  which  the  we.st  is  a shaft  about  60  feet  sqiiare  and 
the  east  a larger  irregular  quarry  with  maximum  dimensions  345  by 
150  feet  and  150  feet  deej).  The  two  together  show  what  might  be 
antici))ated  from  their  location  with  I'e.spect  to  the  other  quarries  just 
described.  In  the  shaft  the  anticline  of  the  Eureka  (pian-ies  alone  is 
seen.  In  the  larger  opening,  however,  work  has  been  extended  far 
enough  northwai'd  to  expose  the  syncline  as  Avell.  Here  the  beds  on 
the  north  anticlinal  limb  ai'c  seen  to  he  greatly  thinned  by  com|)ression. 
The  .synclinal  axis  a])i)eai's  at  the  surface  85  feet  south  of  the  north- 
west edge,  the  Klondike  big  bed  here  measuring  18  feet  in  actual  thick- 
ness. In  addition  to  qnai-rying,  tunnelling  along  the  strike  ha.s  been 
resortetl  to  for  working  the  U])per  .Star  big  bed. 

The  iMonntain  quarry,  though  controlled,  like  the  Eureka,  by  the 
Slatington  Slate  Conqiany,  was  not  being  worked  when  last  visited  in 
1927.  This  conqiany  actively  operated  the  two  ojiening.s  between  1901 
and  1918,  however.  The  iMonntain  (juan-y  i.s  .said  to  have  yielded 
SO. 000  .sipiares  of  roofing  slate. 

54.  Pitfsion  ()uar)‘ies.  These  two  openings  are  about  200  feet  east 
of  the  east  edge  of  the  Alonntain  ipiarry.  In  size  they  are  •similar,  be- 
ing about  375  by  100  feet  and  I'onghly  200  feet  deep.  Though  of  similar 
dimensions,  they  are  “.staggered”  with  resjiect  to  the  regional  .strike. 
The  west  opening  thus  bai'ely  i-eaches  sontli  to  the  outcrop  of  the  Upper 
Star  big  betl,  wliereas  the  east  (piarry  extends  well  beyond  it.  Both 
show  the  southerly  anticline  and  the  more  northerly  .syncline.  The 
Klondike  big  bed  ai)i)ears  in  neithei*  of  the.se  o])enings  on  account  of 
Ihe  west  ])itch  of  the  .syncline,  a.s  described  on  pages  27  and  279  and 
ill iisti'ated  in  Figure  8 and  the  stimctni'e  section  (Plate  56).  Tlie 
Power  and  Iqiper  .Star  big  bed.s,  however,  are  both  accessible  in  these 
o])ening.s. 

.\o  e(pd|)ment  remains  at  either  (piarry  and  both  .seem  to  have  been 
long  abandoned. 

55.  Pd.sf  Berlin  and  nenrhji  Quarries.  These  are  located  eavSt  of  the 
road  which  leads  between  the  Blue  Ridge  quarries  on  the  east  and  the 
(.hirhon.  Old  Oolnmbia,  and  Old  Berlin  cpiarries  on  the  west.  Two  are 
close  together  and  jn.st  ea.st  of  the  road  mentioned.  These  are  com- 
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A.  Anticline  of  Kni-eka  <inariy,  from  iniddh*  of  soiith\v(‘st  side*;  note 
.jointin”',  which  is  approxiniatclj  horizontal. 


li.  Lookiiif;-  at  noi-theast  wall  of  t'astern  l’<‘ters  Quarry,  north  of 
Kinei'ald,  to  show  Franklin  “run;”  the  Lower  Fi'anklin  hij>  bed  is  to 
the  south,  the  l'pp<‘i‘  Franklin  on  the  north  eil"!*  of  the  o|>eninf>. 
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nioiily  called  the  East  Berlin  oiieniiigs.  Ahoiit  400  feet  east  of  these 
are  thi'ce  irregular  openings,  long  abandoned  and  Avith  no  traditional 
names. 

The  East  Berlin  openings  are  both  partly  tilled  Avith  AA^aste.  The 
AATst  one  is  55  by  175  feet  in  size  and  sIioaaas  20  feet  of  slate  aboA'e  the 
AAUiter  AA-ith  AA'hieh  it  is  lilled.  The  strike  is  N.()7°E.  and  the  dip  73° 
to  iS0°N.,  being  steeper  along  the  north  edge.  In  the  east  opening*  the 
beds  strike  and  dip  similarly.  Both  quarries  ex])ose  the  tAvo  AVashing- 
tou  big  beds. 

The  three  irregular  ojjoiings  mentioned  are  all  small,  eATu  the 
middle  one,  AA'hich  is  the  lai-gest,  being  mdy  75  by  20  feet  in  size.  This 
latter  shoAvs  20  feet  of  slate  ahoA’e  Avater  leAnl.  The  beds  strike  N.65° 
E.  and  dip  60°N. ; cleaA’age  di])s  45°>S.  One  big  bed,  thought  to  he 
the  LoAver  Franklin  hut  not  conclusiA'ely  correlated  by  measurements, 
is  seen. 

Structurally  these  fiAT  opeinngs  are  similarly  situated,  on  the  north 
limb  of  an  anticline.  They  liaAT  all  been  long  abandoned  and  nothing 
is  knoAvn  of  their  history. 

56.  Two  old,  deserted  openings  are  situated  about  1400  feet  due 
north  of  the  east  Hughes  (piarry,  on  the  north  side  of  Trout  Creek. 
The  eastern  opening  is  roughly  triangular  and  about  140  feet  on  the 
sitle.  In  it  the  beds  strike  N.ti0°E.  ( ?)  and  dij)  14°S.,  AAdiereas  the 
cleaA-age  strikes  N.70°E.,  dips  45°S.  Measurements  of  tAAn  big  beds 
aitpearing  here  serA’e  to  correlate  them  AAuth  the  two  AVashington  big 
beds.  The  suggestion  is  that  this  quarry  is  ou  the  south  limb  of  an 
anticline. 

The  AA'C.st  opening  is  larger,  AAuth  maximum  dimensions  of  140  by 
170  feet.  A little  slate  a])])eai-.s  in  the  nortliAA’e.st  side,  AAdiere  the  tAVO 
big  beds  seen  in  the  east  quarry  are  \usible,  but  elseAvhere  the  bed 
rock  is  hidden  by  AA’aste. 

These  quarries  AA*ere  oi)ened  and  operated  l)y  Joel  Neff,  and  latei* 
by  Caskey  and  Emack.  The  later  history  is  not  knoAAUi. 

.57.  Penn  Lynn  (JiKirry.  This  opening,  lying  just  nortliAATSt  of  the 
higliAvay  at  the  A\’est  edge,  of  Slatiugton,  is  100  by  275  feet  in  size.  It 
is  said  to  be  150  feet  deep  but  is  uoaa*  filled  AA’ith  AA’ater.  SandersO  glATS 
the  cleavage  as  striking  N.1S0°E.,  diitping  40°8.,  and  the  l)eds  N.80°E., 
hO°S.  The  (juarry  is  thus  on  the  south  limb  of  a synclinal  fold.  It  is 
believed  that  the  l)e(ls  AAnrked  hei-e  included  the  LoAver  AA'ashington  big 
bed  and  the  Penn  Lynn  “run.”  BetAveen  1004  and  1010  this  quarry 
Avas  Avorked  by  the  Slatingtou  Slate  Company.  Nothing  more  is 
known  of  its  histor}'. 

58.  Thi'ee  ojjening's  east  and  southea.st  of  the  Cambridge  quarry  are 
grouped  together  under  this  number.  The  tw-o  southerly  ones  are  500 
feet  north  of  the  Penn  Lynn  quarry  just  described.  Of  these,  the 
Avest  hole  is  100  by  00  feet  in  size  and  30  feet  deep.  It  shoAvs  mdy  a 
small  amount  of  heavily  Aveathered  slate  on  the  Avest  side  of  the  open- 
ing. The  more  easterly  of  these  two  quarries  is  sei)arated  from  that 
just  described  by  a 20  foot  bridge  of  rock.  It  is  about  90  by  100  feet 
in  size  and  of  irregular  shape.  Its  total  depth  is  estimated  at  75  feet 
but  it  is  noAV  tilled  Avith  Avater.  A little  slate  sIioavs,  the  beds  striking 
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\.8()°E.  and  dippiiio-  vertically,  Avhei-eas  the  cleavaye  .strikes  N.7()°H. 
and  dips  5()°.S.  Strnetnrally  the  oiiening  is  llins  seen  to  he  noi'th  of 
an  antielinal  axis,  ft  Ava.s  o])erated  for  a time  by  the  Carbon  Slate 
Coni]Aany,  Avorking"  in  the  Franklin  “rnn.” 

The  north  qnariy  of  these  three  i.s  about  600  feet  east  of  the  Old 
Cambrido'e  (pnirry.  It  is  170  by  80  feet  in  size  and  ex])o.ses  00  feet 
of  slate  on  the  .southeast  side.  Ilere  the  bed.s  strike  X.70°E.  and  di^) 
27°S.,  Avbereas  the  cleavao-e  ha.s  a parallel  strike  and  dips  7r)°S. ; the 
strata  are  thus  risiiy  nortliAA’ard  toAvard  the  crcest  of  the  antieline  Avhieh 
is  south  of  the  ('amhridfi'e  syneline.  One  big-  bed,  prol)ably  one  of  tbe 
Keystone  big  IhhIs,  sIioavs  iii  the  bottom  of  the  opening.  Nothing  i.s 
knoAvn  of  the  history  of  oj)eratioiis  here. 

5!).  Blue  Bulge  (Quarries.  These  tAvo  openings  ai-(‘  about  1200  feet 
nortliAve.st  of  the  National  Sebool  slate  Company’s  mill  and  i-onghly  a 
mile  dne  ea.st  of  the  liextoAvn  ero.ssroads.  EastAvard  froin  tlnon  in 
tnrn  lie  two  large  ([narries.  the  PennsylA’ania-Star  and  the  Old  Cam- 
bridge. 

The  Bine  Ridge  qiiariles  inelnde  a large  AA'esterly  oi)ening  and  a 
•smaller  hole  in  Avhieh  o]ierations  Avere  just  beginning  in  1927.  The 
Ave.st  0])ening  is  iioaa'  ahandoned ; a serious  caA^e-in  of  .slate  and  oA’er- 
bnrden  on  the  .soAitheast  side  ended  operations  some  years  ago.  It 
measures  225  hy  275  feet  at  the  .snrfaee.  An  exceptionally  lieaA’y  cover 
of  glacial  till  (see  Plate  1.  A 1 lies  aboAm  tbe  bed  rock,  necessitating 
extemsiAm  strip]iing  AA’hich  extends  from  25  to  50  feet  back  from  the 
edge  of  the  opening  on  all  sides. 

Some  90  feet  of  .slate  are  expo.sed  above  Avatei-  level.  At  the  north- 
Avest  .side  the  bed.s  strike  abont  N.70°E.  and  dip  28°S.  On  the  south- 
east side  the  strike  is  similar  bnt  the  diip  is  82°S.  In  both  ])lace.s  the 
cleavage  .strikes  N.70°E.  ond  dips  64°S.  The.se  sniTace  observations 
are  consistent  Avith  the  stimeture  seen  in  the  northea.st  Avail  of  the 
(piarmy  for  this  exhihit.s  a .syncline  the  axial  ]dane  f)f  Avhieh  emerges 
125  feet  .south  of  the  north  corner  and  strikes  and  dijxs  like  the  cleav- 
age. As  remarked  elscAvliere,  the  cleavage  ])lane.s  radiate  doAvinvard 
in  the  trongh  of  the  fold. 

The  <jnarry  is  o])ened  in  the  tAvo  big  beds  of  the  Star  “rnn.”  The 
LoAA'er  Star  big  bed  jnst  reaches  the  (piarry  bottom  in  the  trongh  of 
the  .syncline.  The  axis  here  api)ear.s  to  ])itch  Avest  only  very  slightly 
and  probably  a.ssnmes  an  eastAvard  pitch  still  farther  Avest,  to  judge  by 
areal  relationships. 

The  qnari7"  hole  operated  at  present  has  a depth  of  120  feet  and  .sur- 
face dimensions  of  85  hy  125  feet.  It  shoAvs  the  south  limb  of  the 
nortliAA’ard  tipped  syncline  exposed  in  the  larger  quarry,  for  the  beds 
at  the  surface  dip  80°8.,  and  in  the  bottom  at  the  nortliAvest  edge  they 
djn  55°N.  Cleavage  strikes  N.75°E.  and  dips  67°8.  tliaiin  trends 
N.37°E.  and  dips  82°E. 

Many  joints  are  observed,  Avith  strikes  ]Aarallel  to  the  strike  of  the 
cleavage  and  north  or  south  dips  that  are  rarely  in  excess  of  45°.  The 
joints  of  this  .south  synclinal  limb  batten  sti'ikingly  to  the  south  and 
steepen  nortliAvard.  They  are  the  loci  of  eonsidei-able  Aveatheilng 
AAdiich  takes  the  form  of  “rusting.”  Jointing  is  most  mailced  in  the 
larger  beds. 
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The  beds  -worked  are  again  tlie  two  big  beds  of  the  Star  “run.” 
Seiiool  slate  is  made  fi'om  some  of  the  darker  beds.  A measurement 
of  the  sequence  in  this  (jnariy  i.s  presented  in  Plate  3!). 

I'Ainipment  includes  two  mills,  one  for  making  school  slate  (the  Na- 
tional School  Slate  Com])any’s  mill)  and  the  othei-,  situated  southwest 
of  the  old  (piarry,  for  making  rooting  slate  and  some  school  slate;  the 
l)Ian  of  the  latter  mill  is  given  in  Figure  31. 

JMost  of  the  lu’oduction  from  this  quarry  goes  to  the  factory  of  the 
National  Scliool  Slate  ('omi)any,  the  largest  school  slate  ]u-oducer  in 
the  United  States.  This  is  located  on  the  west  outskirts  of  Slatington, 
noi'tli  of  Trout  Creek. 

60.  Old  (Uti)ibrid(ie  and  Fennsylvunio-t^idr  (Quarries.  These  two 
openings  aiT  directly  northeast  of  the  Pine  Ridge  quai'ides  along  their 
sti'ike  continuation.  The  west  oi)ening  was  once  woi-ked  as  two  sepa- 
I'ate  opei'ations,  the  westerly  being  the  Pennsyh’ania  and  the  easterly 
the  Star,  fi-om  which  the  Star  “run”  is  named.  This  measures  235 
by  350  feet,  is  roughly  rectangulai-,  and  largely  filled  with  waste.  Tn 
the  bottom  the  syncline  described  in  connection  with  the  Blue  Ridge 
(piarry  is  seen.  Pre-glacial  erosion,  however,  has  cut  so  deeply  that 
the  Uiipei'  Star  big  bed  .just  shows  in  the  bottom  of  the  synclinal  trough. 
Cleavage  strikes  N.70°E.  and  di])s  62°S.;  this  observation  also  defines 
the  attitude  of  the  axial  ])lane.  The  axis  ])itehes  6°W.  in  this  quarry. 

The  east  ojieniug  is  the  Old  Cambridge  (piarry.  It  is  smaller  than 
the  Pennsylvaida-Star,  measuring  350  feet  in  the  northwest  direction 
by  125  feet.  The  dejith  is  about  120  feet.  The  Cambridge  syncline 
described  at  the  Blue  Ridge  and  Pennsylvania-Star  quarries  is  be.st 
seen  here,  due  to  the  fact  that  pre-glacial  erosion  has  not  gone  as  deep 
as  it  has  farther  west.  This  structure  is  wtII  shown  in  Figure  47. 
Both  Stai*  l)ig  beds  are  well  exposed.  At  the  south  end  beds  at  the 
surface  dij)  vertically,  whereas  the  dij)  along  the  northwest  side  is 
30°S.,  witli  a strike  of  N.74°E.  The  axial  plane  of  the  fold  reaches 
the  surface  near  the  middle  of  the  (piarry.  The  syncline  pitches  4°W., 
and  along  the  trough  (piartz  and  calcite-filled  .ioints  strike  N.40-50°E., 
and  dij)  30-40°N. 

Interest  attaches  to  the  amount  of  thickening  of  the  beds  in  the 
trough  of  the  fold.  Thus,  the  Lower  Star  big  bed  is  131/2  ff'Pt  thick  at 
the  axis,  12  feet  thick  50  feet  (measured  on  the  lied)  from  the  axis, 
and  11  feet  thick,  85  feet  from  the  axis.  Similarl.v,  the  Up]ier  Star 
big  bed  is  28  feet  thick  at  a iioint  20  feet  north  of  the  axis,  but  onl.y 
22'/>  feet  thick  an  equal  distance  .south  of  the  axis,  though  it  is  33  feet 
thick  in  the  axis.  It  is  thus  seen  that  there  is  not  only  considerable 
thickening  near  the  fold  axis,  but  that  the  thinning  is  more  cons])icuous 
on  the  south  than  on  the  north  synclinal  limb. 

Not  only  has  open  (piarrying  Ik'Cu  carriial  on  here,  but  a tunnel  has 
been  driven  northeast  on  the  Upjier  Star  big  bed. 

No  data  are  available  as  to  the  time  wlien  this  quarry  was  opened, 
bul  Sanders  ' meulious  it  in  his  report  for  which  the  field  work  was 
done  in  1880.  The  quarry  was  worked  by  the  Chimbridge  Slate  Com- 
jiany  of  Slatington  between  1897  and  1912,  since  when  it  has  been  idle, 
the  company  having  develo|)cd  its  shafts  to  the  north  instead. 
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a 1 . ('diiihriilyc  Slxifts.  Thi'ec  small  shal’ts,  each  about  3<>  l)y  50 
feet  ill  surface  area,  lie  just  south  of  the  Ki(l<>’e  Hoad,  some  2000  f(*et 
iiortlnvest  of  the  Slatiii^'toii  post  office  and  100  feet  ajiarl.  Tlie  east 
shaft  is  195  feet  deep;  the  I'wo  westerly  ones  show  the  same  dimensions; 
they  are  reported  to  be  220  and  225  fi'et  deep,  but  were  not  b(>in<r' 
worked  ami  were  therefore  inaccessible  in  1927. 

At  the  surface  in  the  east  shaft  the  beds  strike  X.70°E.  ami  di])  27° 
8.,  whereas  the  chun'a<>‘e  strikes  like  the  beds  and  dips  82°8.  in  its 
descent  the  shaft  passes  through  the  Eptier  Franklin  bi”'  betl  and,  alter 
traversin>i'  29  feet  of  “ribboned"  slate,  it  eiiconnt(‘rs  the  Lower 
Franklin  bio'  bed,  here  2314  feet  in  actual  thickness.  In  the  shaft  this 
bed  strikes  X.80°E.,  di]is  11°S.  It  is  followed  nortlnvard  by  a tninu'l 
(see  Fip'ure  6)  275  feet  lon»'  in  1927.  Whereas  the  tinniel  remains 
horizontal  for  some  di.stance  north  of  the  shaft,  the  bed  continnes  to 
rise,  until  its  top  is  above  the  roof  of  the  tunnel.  This  is  at  a distance 
of  175  feet  from  tlie  shaft.  Leyoiid  this  ]ioint,  however,  the  bi'ds  dip 
northward  and  tin'  tunnel  now  is  driven  on  a slo|)e  so  as  to  follow  the 
di])  of  the  lieddiipii',  which  avi'cages  about  17°X  for  l()(t  fi'Ct,  where  the 
“breast”  -was  located  at  the  time  wln'ii  this  tiehl  work  was  done.  The 
fold  with  crest  as  describi'd  ajipears  to  pitch  west  at  a <i‘enth'  an^i'le. 

The  eleavatte  strike  is  X.71°K.,  and  the  di])  is  85° S.  Joiiitino-  is 
common.  The  fractures  are  of  two  sets,  one  virtually  horizontal,  the 
other  strikinp'  X.7()°F].  and  dipiiino'  35°N'.  Locally  these  latter  shatter 
the  .slate  g'reatly,  makin^j-  the  nnder<i'i‘onnd  operations  hazardous. 

The  width  of  the  tunnel-incline  is  about  100  f('et  parallel  to  the 
strike.  In  breaking  the  rock  neither  dihlling  nor  broaching  are  re- 
sorted to,  oidy  explosives.  Two  accessoi-y  pulleys  are  used  foi-  hauling 
laru’e  blocks  out  to  the  shaft  from  the  “breast.” 

Surface  equipment  includes  a mill,  roofing  slate  shanties,  a storage 
shed  (Plate  18,  A)  for  rooting  slate,  a boiler  house,  and  a good 
blacksmith  shop.  The  three  shafts  have  l)een  oi)erated  since  1912  by 
the  Cambihdge  Slate  C’om])any.  They  re])resent  true  underground 
mining  of  slate. 

62.  Blue  Diniiujud  (^ua fries.  These  thrt'e  old  openings,  the  east  of 
Avhich  is  now  used  as  the  Slatington  garbage  dump,  ari'  all  just  noi'th 
of  the  Lehigh  Valley  Kailroad  si)ni-  leading  from  Slatington  to  tin- 
Finreka  quarries.  The  two  west  openings  are  1409  fec't  noi'thwest  of 
the  Cambi-idge  shafts,  and  the  east  (piarrv,  commonly  called  the  Pine 
Diamond,  is  an  ('cpial  distanee  north  of  the  shafts  mentioned.  For 
convenience  they  may  be  lettered  a.  h.  and  c from  the  west  eastward. 

Quarry  a is  lOO  b.v  75  feet  in  area  and  sIioavs  12  feet  of  slate  above 

water.  Cleavage  is  seen  to  strike  Xb7()°E.,  and  to  dij)  ()()°S.,  but  no 
beds  are  recognizable. 

Qnarr.v  h is  100  by  05  feet  in  size  and  shows  12  feet  of  slat(‘  above 

water  leA'el.  The  betls  strike  X.70°E.  and  dij)  80°S.,  whereas  the  ch'av- 

age  sti'ikes  X.()8°E.  and  di))s  42°S.  Two  big  beds  show  in  the  sonth- 
we.st  side,  each  15  feet  thick  and  sei)arated  by  30  feet  of  slate. 

The  two  oj)enings  are  probably  situated  on  the  inn-th  slope  of  an 
anticbne  ti])ped  to  the  north.  The  two  big  beds  descrila'd  ma,v  v'ell  b(‘ 
the  First  and  Second  Locke  big  beds. 

The  Bine  Diamond  quarry  is  95  by  140  feet  in  .surface  dimensions, 
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roug'lily  reetang'iilai’,  and  shows  about  10  feet  of  slate  on  the  north- 
east side.  Here  tlie  beds  are  essentially  horizontal,  hut  on  the  south- 
west side  a small  exposure  has  beds  dipping  13°S.,  with  a strike  of 
X.85°E.  Cleavage  strikes  N.80°E.  and  dips  vertically.  This  cpiarry 
is  thus  a little  south  of  the  anticlinal  crest  mentioned  at  Quarries 
II  and,  I).  8ome  qnarrymen  maintain  that  the  beds  once  worked  are  in 
llie  Franklin  “run,”  l)ut  this  inteiqiretation  the  vTiter  cannot  accept. 
Kather  it  seems  more  reasonable,  though  ])roof  cannot  he  established,  to 
assign  this  se<pienee  to  a stratigra]diic  ])osition  between  the  Lower  Star 
and  the  U]ii)ermost  Locke  (Manhattan)  big  beds. 

Nothing  is  known  of  the  history  of  any  of  these  quarries. 

63.  Thomas  and  Ihoherts  Quarries.  Three  openings  lie  north  of  the 
road  connecting  the  Eureka  quarries  with  AVelshtown  or  Slatington, 
and  aboiit  1750  feet  east  of  the  Pittston  quarries. 

All  are  small,  the  eastmost  ]nt  being  110  feet  in  diameter,  the  north 
opening  50  by  30  feet,  and  the  west  one  90  by  110  feet.  Though  all  are 
filled  with  water,  none  is  believed  to  exceed  80  feet  in  depth. 

The  east  openijig  shows  no  bed  rock  in  place.  In  the  north  quarry 
a little  slate  is  seen,  having  cleavage  that  strikes  N.70°E.  and  dips 
58°8.,  but  bedding  could  not  be  determined.  The  southwest  hole  shows 
a little  slate  of  which  the  cleavage  strikes  N.72°E.  and  dips  50°S.,  Imt 
there  is,  at  best,  oidy  a faint  suggestion  of  beds  (dip  65°8.?).  Tenta- 
tively the  Eureka  syneline  and  the  anticline  to  the  nortli  are  believed 
to  se]iarate  the  west  and  east  oi)enings  from  that  to  the  north. 

The  southwest  oj^eiiing  was  successfidly  Avorked  for  school  slate  in 
the  years  near  1900.  No  other  significant  data  as  to  the  history  of 
these  o]mrations  are  available.  All  are  now  on  the  property  of  Robert 
Rol)erts  of  Slatington. 

64.  This  long  abandoned  oi)ening  is  in  the  stream  bottom  near  the 
railroad  spur  that  leads  to  the  Eureka  quarries,  about  a mile  northwest 
by  rail  from  the  Slatington  station.  It  is  65  by  115  feet  in  plan  and 
was  probably  never  very  deep.  AVater  now  fills  it  nearly  to  the  sur- 
face. A little  slate  shows  locally,  Avith  cleavage  striking  N.70°E.  and 
dip])ing  3()°S.,  hut  heddiug  is  atiw  inicertaiu.  There  is  also  no  basis 
for  correlation  Avith  the  beds  of  other  quarries. 

65.  Slelz  Quai’ries.  These  tAvo  ojAeniugs  lie  north  of  AVelslitoAvn 
and  0.6  of  a mile  north  of  the  Slatington  ])ost  office.  The  Avest  open- 
ing is  the  Old  AVelshtoAvn  quarry.  It  is  145  by  165  feet  in  surface 
dimeusions.  It  has  a large  dump  aud  Avas  evidently  deep,  but  is  noAV 
filled  Avith  Avater  aud  no  slate  is  seen.  Sanders'',  aaFo  Ausited  it  about 
1880,  reports  that  it  shoAved  tAvo  big  beds,  a loAver  one  of  27  feet  and 
an  u])per  of  18  feet,  separated  by  25  feet  of  thinner  beds;  these  mea- 
surements are  all  taken  on  the  cleaAUige  surfaces  and  therefor  of  com- 
parative Audue  oidy.  The.se  are  ])robably  the  Keystone  big  beds.  Their 
structural  relations  are  not  given. 

The  east  quarry  is  a small  hole  about  700  feet  southeast  from  the 
last.  It  is  30  feet  square.  The  beds  strike  N.65°E.  and  dip  85°S., 
Avhereas  the  cleaA'age  strikes  parallel  but  dips  70°S.,  hence  the  struc- 
ture here  is  the  north  limb  of  an  anticline  ti])ped  to  the  north,  A 10- 
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foot  bed,  thought  to  he  the  LoAver  St;ii-  big  ])ed,  outci'<)])s  here.  Reeeully 
this  hole  lias  heeii  enlarged  liy  the  Ilankee  llrothers  with  a view  lo 
developing  more  slate. 

66.  Tliree  openings  are  located  on  the  west  side  of  the  railroad  he- 
tween  Welshtown  and  the  Slatington  station.  For  convenience  they 
may  be  designated  «.  b,  and  c,  beginning  at  the  north.  None  is  now 
being  worked  and  their  histories  are  not  known. 

Quarry  a is  ll2()  by  80  feet  in  surface  area  and  shows  00  feet  of  slate 
above  the  water  which  tills  it.  The  beds  strike  X.70°E.  and  dip  .)7°S.; 
cleaA’age  strikes  N.70°E.  and  dips  47°1S. ; grain  trends  N^00°^\  . A 
series  of  joints  which  strike  N.40-70°E.  is  seen,  dipiiing  27)-45°N.  One 
big  bed,  estimated  to  be  about  11  feet  in  actual  thickness,  crops  out  in 
the  southwest  side  of  the  ipiarry.  As  it  was  inaccessible,  it  could  not 
he  correlated  with  certainty,  but  may  represent  one  of  the  Ke.vstone 
big'  beds,  here  apiiearing  on  the  north  limb  of  a northward-ti])])ed  anti- 
cline. 

Quarry  h measures  100  by  05  feet  in  surface  area  and  shows  above 
water  level  20  feet  of  slate  with  curved  cleavage.  The  beds  strike  X. 
70°E.  and  dip  46'’S.,  whereas  the  cleavage  strikes  X.70°E.  and  dips 
08°S.  Joints  similar  to  those  described  in  Quarry  a are  seen,  striking 
about  X.(i0°E.  and  dip])ing  0-40°X.  Two  big  beds,  the  ipiper  0 feet, 
the  loAver  7V2  fet“t  thick,  are  exposed,  but  their  correlation  could  not  be 
established.  The  structural  relations  are  as  in  Quarry  a. 

Quarry  c is  only  a jirospect,  20  by  05  feet  in  size.  Thei'e  is  one  big 
bed,  but  the  bedding  is  too  jioorly  marked  to  make  measurement  ]ios- 
sible.  The  cleavage  strikes  X.80°'E.  and  dips  18°S. 

67'.  Wei. 'ill town  Tunnel  and  East  End  (Jnarries.  East  of  the  rail- 
road spur  connecting  the  Eureka  cpiarries  and  Slatington,  on  the  hill 
about  2700  feet  northwest  of  the  Slatington  station,  is  a group  of  three 
oi)enings  in  the  slate.  That  on  the  Avest  slope  of  the  hill,  at  about  road 
level,  in  the  little  settlement  called  WelshtoAvn,  is  a true  tunnel.  It 
leads  into  the  hillside,  X.75°E.  along  the  strike  of  the  bedding.  It 
could  not  be  explored,  because  now  full  of  Avater,  but  measni'ements 
shoAV  that  the  big  bed  on  Avhich  it  is  driven  is  the  LoAver  hhainklin, 
Avhieh  here  dips  12°S.,  Avhereas  the  cleavage  strikes  X.83°p].  and  dips 
78°S.  The  structure  is  thus  the  .south  limb  of  an  anticline.  The  his- 
tory of  the  WelshtoAvn  tunnel  is  not  knoAA’n  ; it  Avas  made  prior  to  1880, 
foi-  tsandem  mentions  it  in  his  r(‘])ort  ' and  it  is  said  by  some  to  have 
been  opened  as  early  as  1844. 

About  300  feet  northeast  of  the  WelshtoAvn  tunnel,  at  the  to])  of  the 
hill,  is  an  irregidar  o))ening  100  by  150  feet  in  size.  In  it  the  beds 
strike  N.70°E.;  they  dip  25°8.  at  the  north  edge,  but  flatten  to  12°S. 
at  the  southeast  side,  suggesting  the  a])proach  of  a synclinal  axis 
(probably  the  Cambridge  syncline)  to  the  south.  The  cleavage  stihkes 
X 80°E.  and  dips  vertically.  The  beds  Avoi-ked  here  include  the  Ep])er 
and  LoAver  Franklin  big  beds  and  the  intei  vening  thinner  layers.  An 
interesting  feature  is  the  iiresence  at  the  south  end  of  the  opening  of  a 
small  thrust  faidt  Avhich  folloAvs  the  cleavage  plane  in  jAai't  and  ])asses 
into  a small  fold  at  de]^!!.  (see  Figure  78). 

The  thii-d  quarry  of  this  groiq)  is  an  o])ening  400  feet  east  of  the 
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A.  Noitliwc'st  side  of  west  o|»eiiiii<>  of  Wasltintttoii  qiiai'ry, 

sliowiiifi'  tunnel  opeeat ions;  the  ri<>ht  tnnm‘1  is  partly  eloinh'd  by  steam 

fi-oin  <|narr>’  opei'ations. 


H.  Overburden  al  East  End  (|narry,  eonsistiiift'  of  "laeial  drift,  i)aiily 

st  rat  itied. 
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3 feet 


Fi}>.  7«.  Small  fault,  mainly  aloiiji  cleavaae,  passiii”’  into  a di'afi' 
fold;  old  liillshlo  (jiuii'iy  (\o.  (i7),  north  of  AVcdshtowii  tunnel. 

la.st,  operated  in  11)27  by  Hie  Slatiiiirtoii  Slate  Company,  but  subse- 
(pieiitly  sliiit  down.  This  is  the  Hast  End  tpiarry.  It  is  100  feet  in 
diameter  and  110  feet  deej). 

Here  tlie  slate  is  covered  hy  40  feet  of  oveiliurden  (see  Elate  00. 
P>,),  .showing'  some  assortimmt  and  evidently  of  glaeio-tluvial  oidgin. 
This  heavy  cover  of  loose  material  neci'ssitates  extensive  bratticing 
and  adds  to  the  expense  and  danger  of  operating.  At  a depth  of  05 
feet  the  Itottom  of  the  Lower  Franklin  l)ig  hed  is  encountered.  Here 
the  bedding  .strike  is  X.78°E.  and  the  dij)  18°S.;  the  cleavage  strikes 
X.85°E.,  dips  67)°S.,  and  the  grain  trends  X.38°W.  The  structure  is 
thus  similar  to  that  in  the  Welshtown  tunnel.  Tin*  beds  are  badly 
shattered  with  closely  siuiced  joints  striking  X.70-80°E.  and  dipping 
south  at  angles  of  less  than  45'^.  It  is  of  theoretical  interest  to  note 
that  the  acute  bisectrices  of  these  joint  i>lanes  or  of  the  joint  jdanes 
and  bedding  planes  taken  together  are  essentially  horizontal. 

A tunnel  leads  noidh  from  the  shaft  some  .50  fetd  along  the  Lower 
Fraiddin  big  bed,  which  was  being  worked  in  1027. 

This  (piarry  is  ecpiipped  only  for  making  rooting  slate;  the  custom- 
ary mill,  saw  tables,  and  shanties  are  located  west  of  the  opening. 

68.  This  small,  nnnaim'd  quarry  is  about  500  feet  north  of  the 
AVelshtown  tunnel  ((Quarry  (i7 ) and  east  of  the  road  fi-om  Slalington  to 
'Welshtown,  It  is  only  80  feet  s(iuare  and  shows  20  feet  of  heavily 
weathered  slate  above  watto-  level.  The  beds  strike  X.75°E.  and  dij) 
75°X'.,  whereas  the  cleavage  strikes  similaily  and  di])s  ()8°ts. ; the 
structure  is  thus  the  north  limb  of  an  anticline,  ])rohahly  the  same 
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i'olcl  file  south  liinl)  of  ■wliieli.  shows  in  the  quarries  numbered  67.  Tlie 
beds  in  thisi  o])eniug'  slioidd  ))e  above  tlie  Franklin  “run”  if  the  inter- 
pretation of  the  local  strncture  is  correct. 

Xothing-  is  known  of  tlie  history  of  operations  here.  The  quarry 
must  once  have  been  much  larger  than  now,  for  a good-sized  dump  and 
mill  are  nearliy. 

69.  Fulh)ier  and  Keystone  Quarries.  These  two  o]ienings  are  be- 
tween the  Lehigh  Valley  Kailroad  and  the  highway  that  leads  from 
Slatington  to  Lehigh  Gap.  The  soiith  opening,  a])proximately  1400 
feet  north  of  the  station  at  Slatington,  is  the  Pnllmer  quarry;  the 
northern  or  Keystone  quarry  is  about  300  feet  farther  north. 

The  Fullmer  quarry  is  250  by  200  feet  in  area;  the  large  dump  to 
the  south  suggests  that  its  depth  is  at  least  100  feet  and  probably  more, 
but  water  now  fills  it  to  ground  level.  Along  the  northwest  side  the 
beds  are  virtually  horizontal.  Near  the  middle  of  the  northeast  side 
the  beds  strike  about  N.70”E.  and  dip  13°S.,  but  they  jirobably  turn 
shaiqily  a short  distance  south  of  the  opening,  as  ex])osures  southward 
along  the  railroad  exhibit  beds  dijiping  55°S.,  Avhereas  cleavage  dips 
south  more  gcutly.  Structurally  therefore,  the  Fullmer  quarry  lies 
immediately  north  of  a synclinal  axis,  probably  the  Prudential  syn- 
cline. 

The  beds  here  worked  are  generally  known  as  the  Fullmer  “run,” 
but  are  nowhere  fo\;nd  in  quarries  that  are  now  o]ierating  and  there- 
fore wpi'c  not  measui’cd  in  detail  in  the  course  of  this  work.  Most  of 
those  seen  on  the  walls  of  this  opening  are  thin,  but  one  big  bed,  hav- 
ing an  estimated  thickness  of  12  feet,  outcrops  a little  south  of  the 
quarry  and  was  ])robably  reached  with  de])th. 

The  detailed  history  of  the  Fullmer  (piarry  is  not  known.  It  was 
already  opened  when  Sanders  visited  the  i-egion  and  is  one  of  the 
oldest  quarries'  of  the  district.  It  has  been  long  abandoned. 

The  jiresent  opening  of  the  Keystone  quarry  is  110  by  130  feet  in 
size.  It  is  40  feet  to  water  level,  of  wbicb  20  feet  are  stratified  drift 
like  that  described  at  the  East  End  quarry.  The  opening  was  once 
much  dee])er,  but  is  now  largely  filled  with  waste. 

One  big  bed  (the  Lower  Keystone)  is  seen  in  the  walls,  striking  N. 
71°E.  and  dipi)ing  26°S.;  here  the  cleavage  strikes  N.80°E.  and  dips 
60°S.,  indicating  that  the  beds  are  not  overturned  and  hence  that  the 
structure  is  continuous  Avith  that  in  the  Fullmer  quarry,  the  south 
limb  of  an  anticline.  The  southward-dipping  beds  of  the  Keystone 
quarry  ])ass  under  those  of  the  Pidlmer  opening'  and  are  stratigraphic- 
ally  beneath  them. 

South  of  the  l)ig  bed  mentioned  and  therefore  stratigraphically  aboA^e 
it  is  another,  the  r])per  Keystone.  This  is  not  uoav  A'isible,  liaA'ing  been 
remoATd  almost  completely  by  (juarrying. 

The  eipupment  still  in  place  consists  of  an  old  mill  building  from 
Avbich  the  machinery  has  been  largely  remoATd.  The  history  of  the 
Keystone  (piarry  reaches  back  Avell  into  early  slate  deA'elopment  at 
Slatington,  for  it  is  one  of  the  first  (piarries  to  be  operated  on  a large 
scale.  The  original  hole  Avas  much  larger  and  mainly  south  of  that 
noAV  seen. 


70.  New  York  Tunnel.  Extensive  underground  mining  Avas  carried 
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on  in  wliat  is  i'ej)nte(l  to  1)0  the  Penn  Lynn  '■run'’  beneath  the  Wash- 
in^'ton  beds,  about  1400  feet  west  of  the  Slatinii’ton  I'ailroad  station. 
This  tunnel  ineludes  at  least  some  400  feet  of  aeee.ssil)le  work  but  more 
of  it  is  now  tilled  with  water  and  inaeeessible.  It  develoiis  a bi<i-  bed 
on  both  sides  of  a small  anticline,  lienee  follows  along  the  cre.st  of  this 
structure  iu  a westerly  direction  fi-om  the  jiortal.  The  same  bed  is 
said  to  have  been  quarried  through  a shaft  which  lies  IbO  feet  north- 
west of  the  tunnel  portal,  and  is  now  covered  with  waste. 

Near  the  mouth  of  the  tunnel  the  beds  strike  X.bb®!!.  and  di]i  17° 
X". ; these  observations  are  north  of  the  anticline  axis  immtioned  as  ap- 
jieariug  iu  the  tunnel.  South  of  the  axis,  in  the  mine,  the  beds  dip 
gently  south. 

Here  also  there  has  lieeu  some  quarrying  in  tlie  hillside,  and  several 
o]ien  cuts  remain.  A school  slate  factory  was  ojierated  between  the 
tunnel  portal  and  the  railroad,  but  was  burned  down  some  years  ago. 

71.  Two  abandoned  openings  lie  between  the  Lehigh  ATdlev  Rail- 
road and  the  Slatington-Lehigh  (dair  highway  about  half  a mile  north 
of  the  railroad  station  at  Slatington.  The  north  hole  is  91)  by  b.")  feet 
in  size  and  tilled  with  water  so  as  to  show  lu)  slate  in  jdace. 

The  south  oi)euing  is  a cut  with  two  tunnels,  at  ditferent  elevations 
on  the  hillside,  just  east  of  the  highway.  This  quarry  with  its  ti'ibu- 
tary  tunnelling  is  of  iri-egular  shai)e  and  measures  I'oughly  80  by  (iO 
feet.  The  cut  and  tunnels  show  a secpience  of  beds  that  is  readily 
correlated  with  the  Franklin  “run";  the  Uiqier  Franklin  l)ig  bed  ap- 
pears in  the  o])en  cut  and  tlie  lower  tnnnel  affords  access  to  the  Lower 
Franklin  big  bed.  In  general,  the  strike  is  X.80°E.  and  the  di])  18- 
clea\’age  strikes  X".83°E.  and  dips  variously  05- 
90°S.  A minor,  sharp  drag  fold  shows  in  the  southwest  side  (if  the 
quarry.  The  structure  therefore  is  the  south  limb  of  an  anticline,  the 
m'est  of  Avhich  is  indicated  by  the  fold  of  the  Lower  Franklin  big  bed 
in  the  highway  cut  250  feet  north  of  the  opening  here  described. 

^ This  quari-y  is  now  abandoned.  It  was  last  worked  by  the  Franklin 
P>ig  Red  Slate  ('om]iany,  l)ut  the  years  of  operation  ar(i>  not  known. 

/P.  Lehigh  (nip  and  Bill  Hughes  (/ua ri’ies.  These  two  openings  are 
ji|st  west  of  the  Slatington-Lehigh  (lap  highway,  about  one  mile  north 
of  the  railroad  station  at  Slatington. 

1 he  south  (.)pening  i;,;  flip  Hip  Hughes  quarry.  It  is  roughly  rectangu- 
lar and  measures  100  by  70  feet  in  ])lan.  showing  50  feet  of  .slate  on  the 
southwest  side  above  the  water  which  it  contains.  At  the  southea.st  side 
the  beds  are  horizontal,  but  at  the  northwest  side  they  strike  X.57°E. 
and  dip  02°Xk,  tlatteniug  again  still  farther  north  to  horizontality.  The 
opening  thus  sIioavs  the  emergence  of  a rounded  anticlinal  crest,  with  a 
synclinal  fpis  to  the  noihli.  Cleavage  (and  the  axial  planes  of  these  two 
folds)  strikes  X’".68°E.  and  dips  67°S.  One  big  lied  estimated  to  be  25 
feet  thick,  is  seen  in  the  soutlnvest  Avail,  luit  detailed  measurements  do 
not  furnish  a definite  basis  for  cori’clation.  From  areal  and  structural 
consiAleratious,  the  strata  here  should  lie  beneath  the  Fi‘aid<liu  “run." 
The  SA nclinal  and  anticlinal  axes  emerging  are  jirobably  ecpiiA’alent  to 
the  Eureka  syncline  and  to  the  anticline  to  the  .south,  also  seen  in  the 
Eureka  quarry. 
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The  nortlieni  of  t!ie  two  opening’s  liei'e  deserilied  is  the  Lehigh  Ga]) 
<inan-y.  This  lies  250  feet  Avest  of  the  highway.  It  is  100  hy  125  feet  in 
size  and  .shoAvs  60  feet  of  slate  along  the  nortlnvest  edge.  Water  stands 
in  the  hottoin.  In  the  south  corner  the  beds  strike  N.65°E.  and  di]i 
85°, S. ; northward  they  rise  to  a sharp  anticlinal  crest  (see  Figure  79), 


Fig.  70.  Sharp  aiiti<'line,  with  nortliward  overturning,  as  seen  in 
southwest  wall  of  Lehigh  (taj)  tpiari'y.  Width  shown  about  30  feet. 

beyond  AA’hich,  at  the  north  edge  of  the  o]Aening,  they  strike  N.70°E. 
and  dij)  70°,S.,  whei'eas  the  cleavage  dii)s  55°, S.  The  axial  plane  of  the 
anticline  thus  defined  .strikes  X.68°E.  and  di])s  63°S.  This  fold  is 
probably  the  eastAA'ard  continnation  of  the  one  anticipated  from  ohser- 
A^ations  at  the  north  edge  of  the  Bine  \Tilley  cpiarry. 

The  .strata  .seen  here  incinde  three  big  beds, — an  uppermost  one  4 
feet  thick,  folloAved  doAvinvard  in  order  by  7 feet  of  “ribboned”  slate, 
6 feet  of  a big  bed,  15  feet  of  “ribboned”  slate,  and  8 feet  of  another 
big  bed.  This  setpience  does  not  correspond  to  any  measured  by  the 
Avriter.  By  qnari'ymen  the  beds  are  said  to  corre>.spoiul  Avith  those'  of  the 
lleimbach  and  nearby  (piarrieis  (Nos.  79,  81,  82,  83  and  84)  east  of 
Lehigh  Biver;  but  the  position  of  the  beds  in  these  easteim  cpiarries 
Avith  resjiect  to  the  stratigraphic  coinmn  for  the  region  as  a AA’hole  is 
itself  uncertain.  From  areal  and  strnctnral  considerations  these  beds 
Avould  ahso  seem  to  lie  beloAV  the  Fi-anklin  “run.” 

The  (piarry  Avas  last  opei'afcnl  in  1924.  An  old  mill  building  still 
stands  on  the  dump  east  of  the  opening. 

73.  lAieerne  Quarri/.  This  oi)ening  lies  about  700  feet  ea.st  of  the 
Bill  linghes  quarry,  on  the  west  side  of  the  Lehigh  Valley  ti'acks.  It  is 
120  by  170  feet  in  size  and  roughly  i-ectangnlar ; (piarrymen  estimate  its 
dei)th  at  1000  feet.  The  hole  is  noAv  filled  Avith  Avater,  and  no  hed  rock  is 
visible.  It  is  said  to  contain  the  same  fold  as  Avas  seen  in  the  Bill 
Hughes  (piarry  and  to  have  opened  the  same  beds,  including  one  big 
bed,  the  lleimbach,  Avhich  did  not  reach  the  surface  but  Avas  encounter- 
ed at  (UqAth.  The  ruins  of  an  old  mill  are  seen  to  the  northeast.  The 
quarry  Avas  Avorked  betAveen  1902  and  1905  by  dames  Kern. 
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74.  Hivemide  This  is  70(1  feet  Ctist  oi’  the  Lueei'iie  (juarry, 

600  feet  east  of  the  Ijehi^li  \hilley  Railroad,  and  presiiiiiahly  on  the 
strike  continuation  of  tlie  Lucei'ne  o])eninfi'.  If  is  SO.  by  lid  feed  in  size, 
and  sliows  a little  ji'ravel  hnt  no  bed  rock  above  the  water  with  winch  it 
is  filled.  It  is  said  by  dir.  .James  Kern  of  Slatingdon  to  have  about  the 
same  depth  as  the  Imcerue  opeuin^'.  The  n(dmJ)ach  l>id  lied  occurred 
here  also,  as  was  to  have  l)een  expected,  l)ul  was  not  woi'ked.  The 
structure  Avas  anticlinal  with  two  small  crests  se|)arated  by  a snudler 
tr(m<>'h  at  the  to|)  of  the  larger  anticliiu'  which  a|)pears  in  this  ami  the 
Jjiicerne  opening'.  Xothin<>-  is  knoAvn  of  the  history  of  Riverside  (pnariy. 

75.  An  old  hole,  Ion<>-  deserted  and  i)rol)ahly  little  more  than  a ])ros- 
pect,  is  located  800  feet  south  of  the  vehicular  hritlde  across  the  Lehigh 
Rivei'  near  Lehigh  (Jaj),  two  mile.-,  north  of  the  Slatington  railroad  sta- 
tion, and  275  feet  west  of  the  highway,  on  the  sloping  hillside.  Slate 
blocks  and  chips  and  an  old  hnilding  are  hei-e,  hut  no  he'd  rock  is  seen 
ill  jdace.  No  information  could  hi'  obtained  about  the  geology  oi'  history 
of  this  opening. 

76'.  f'u.iA’Ciy  and  Eiiiack  Quarrii.  This  abandoned  o])ening  is 
400  feet  south  of  the  street  conuectiug  Waluutport  and  Slatington,  200 
feet  north  of  the  Renn  Keystone  Knitting  dlills  in  Waluutport.  It  is 
80  feet  square  and,  estimated  to  have  been  77)  feet  deep  hut  no  slate  is 
seen,  for  water  and  waste  till  the  opening.  The  Washington  ‘'run”  was 
opened  here,  according  to  reputable  qiiarrymeu,  by  Laskey  and  Lmack 
several  years  ago. 


77.  An  old,  long  abandoned  oiiening  is  located  87)0  feet  north  of 
where  iMain  street  in  Waluutport  crosses  the  tracks  of  the  Central  of 
New  -Jersey  Railroad.  It  is  17)0  by  140  feet  in  size  and  a large  dump 
nearby  suggests  a dei)th  of  at  least  75  feet.  This  seems  to  he  the  slate 
quarry  which  Sanders  described  as  ahaudoued  and  full  of  Avater  in 
18807  It  is  believed  to  have  been  on  the  Keystone  beds  Avhich,  in 
vicAV  of  its  position  essentially  along  the  strike  of  the  Kiwstone  quarry, 
is  probably  correct. 

78.  This  is  au  old,  long  abaiidonetl  cut  in  a gnlly  about  4500  feet, 
north  of  the  C'entral  of  Ncav  -lersey  Railroad  Station.  It  sIioaas  only 
rubble. 

79.  West  Hyensinger  (Quarries.  These  tAvo  small  shafts  lie  east  of 
the  Lehigh  River  and  Avest  of  the  higliAvay  from  Walnutiiort  to  Lehigh 
Uaj),  about  5000  feet  nortli  of  the  Waluutport  station.  Roth  are  small, 
the  eastern  being  125  feet  and  the  Avestern  80  feet  siiuare.  Neither  sIioavs 
slate  at  the  sni-tace  but  merely  a heavy  overburden  of  clay  and  gravel. 
They  are  said  to  have  been  oiiened  in  beds  of  the  Ileimhach  “run’'  (see 
Quarry  84),  Avhich  hei'e  stood  A'ertical,  probably  ou  the  south  limb  of  a 
closely  lohled  syncline,  believed  to  be  the  eastAvard  continnation  of  the 
Eureka  syncline.  They  Avere  last  operated  by  L.  F.  Rrensinger  of 
AllentoAvn.  Their  earlier  history  is  not  known. 

80.  An  old,  long  deserted  0])ening  lies  800  feet  southeast  of  the 
last.  It  is  essentially  a cut  iu  the  hillside,  OO  feet  iu  diameter,  aud  shows 
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2:5  feet  of  slate  in  tlie  soutlieast  wall.  The  lower  part  of  the  ([uarry  is 
filled  with  water.  The  beds  strike  N.75°E.  and  dip  55°N.  The  cdeava^i'e 
strikes  N.8()°E.  and  dips  4:3°S.  Gi-ain  trends  N.;30°E.,  dips  vertically. 
Tlie  strncture  is  clearly  the  sontli  limb  of  a syncline,  but  the  correlation 
of  the  beds  could  not  be  estaldisbed.  The  slate  on  the  dump  is  of  good 
quality.  The  history  of  operations  here  is  unknown. 

SI.  David  WHlidvvH  Quarrel.  This  and  a small  o])ening,  presum- 
ably a shaft,  are  indicated  as  one  ((uarry  on  the  small  scale  map,  be- 
cause very  close  together.  They  lie  ju.st  east  of  the  Walnutport-Leliigh 
Gap  highway,  250  feet  east  of  the  Brensinger  (piari-ies.  The  Avest  open- 
ing is  oidy  .‘50  feet  S(|uare  and  filled  with  water,  no  slate  showing.  Like 
the  two  quarries  west  of  it,  it  Avas  Avorked  last  by  h.  P.  Brensiuger  of 
AlleiitoAvn. 

The  larger,  ea.stern  opening  is  of  very  irregular  shape  and  measures 
190  by  410  feet,  being  greatly  elongated  in  an  east-Avest  direction.  It 
shoAvs  very  little  slate  at  the  surface,  and  is  filled  Avith  Avater.  On  the 
uortliAvest  side  there  is  a suggestion  of  bedding  striking  N.70°E.  and 
dip})ing  40°S. ; cleavage  seems  to  sti'ike  parallel  to  the  beds  but  dips 
vertically.  The  structure  heiT,  therefore,  seems  to  represent  the  north 
limb  of  a syncline,  and  it  is  at  lea.st  ])rob;dde  that  an  anticlinal  axis  lies 
near  and  just  beyond  the  south  edge  of  the  opening.  Almost  certaiidy 
the  beds  are  the  same  as  those  opened  by  Quarries  82  and  83,  namely  a 
part  of  the  so-called  lleimbach  “run.” 

This  large  opening  ])robably  represents  Avhat  Avas  originally  tAvo  sep- 
arate holes.  Sanders  fonnd  both  in  operation  iu  1880.  At  that  time  the 
east  one  ( ju'operly  the  “David  Williams”  quarry)  Avas  just  being 
opened.  Tbe  A\’est  one  or  “Williams  and  Jones”  quarry  yielded  ma- 
terial for  klate  pencils;  at  the  south  side  of  this  opening  “a  roll  is 
shoAA’n,  ” jmesumably  the  crest  of  the  anticline  inferred  above’-. 

82.  Peters  Quarry.  This  irregulai'  opening,  also  called  the  Oavcu 
Williams  quarry,  is  situated  75  feet  east  along  the  stiike  from  the 
quarry  just  described.  It  is  200  by  240  feet  in  size,  and  shoAvs  10  feet  of 
glacial  (Irift  and  10  feet  of  Aveathered  .slate  above  Avater  IoatI.  Bedding 
is  not  recognizable;  tbe  cleavage  dips  south.  Structure  and  stratigraphy 
are  probably  identical  Avith  those  re])orted  for  Quarry  81. 

This  quarry  Avas  Avorked  in  the  early  80 ’s  for  roofing  and  school  slate. 
One  bed  8 feet  thick  was  especially  probtable.  After  being  oiiened  by 
OAven  Williams  it  ])assed  into  tbe  hands  of  the  E.  1).  Peters  Comj)any. 

83.  Jvudolf  (Quarries.  Taa’o  smaller  oi)enings  are  situated  about  200 
feet  east  of  the  last,  and  along  the  eastAvard  strike  continuation.  Of 
these  the  Avestern  is  an  iia-egular  hole,  120  feet  on  each  side,  noAV  largely 
filled  with  Avaste.  In  the  Avest  corner  a thickness  of  8 feet  of  slate  shows 
above  tbe  Aviiter  Avhich  stands  iu  the  ([uarry.  Here  the  beds  strike  N.80° 
E.  and  dip  vertically,  the  cleavage  di]iping  about  55°S.;  nortlnvard 
the  betls  llatteu  slightly,  clearly  aiqiroachiug  a synclinal  axis. 

The  ea.stern  opening  is  about  120  by  175  feet  in  size  and  filled  Avith 
Avater.  A little  slate  sIioavs  above  Avater  level  on  the  Avest  edge,  display- 
ing a fiat  syncline,  AA’hich  has  an  axial  ])laue  that  strikes  N.80°E.  and 

1 Sancler.s,  li.  H.,  op.  cit.,  p.  113,  188M. 
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dips  70°S.;  the  north  liiuh  lias  liy  far  the  gentler  dip  and  the  beds  are 
correspondingly  less  compressed. 

These  tAVo  openings  Avere  made  about  1880  by  the  (Jriffith  lirothers 
Slate  Comjiany.  They  AA'cre  not  a success,  ^irobably  because  of  the  close 
folding  and  consequent  cruniiiling  of  beds.  Operations  Avere  stojipA'd  in 
1893. 

84.  Heiiiih(ir]i  (^narrii.  This  large  opening  is  about  1.2  miles  north- 
ea.st  of  the  railroad  station  at  'Walnutport  and  100  feet  east  of  tin* 
Rudolf  quarries  describeti  above.  It  is  roughly  circular  iu  shape,  Avith  a 
diameter  of  about  260  feet.  Slate  shoAvs  locally  above  the  AAat(*r  Avith 
AA'hich  the  <piari-y  is  blled  but  exposures  are  ])oor  and  the  di[)  of  the 
bedding  is  too  Amriable  to  furnish  positive  evidence  as  to  the  structure. 
The  cleavage  strikes  X.75°E.  and  dips  steeply  south.  Slate  seen  on  the 
AA'aste  hea])  has  excellent  splitting  cpialities  [larallel  to  the  cleavage  and 
seems  to  hold  its  color  aa'cH. 

The  quarry  Avas  operating  in  1880  and  is  described  by  Sandersh  The 
AAall  sboAved  an  anticlinal  axis  emerging  a little  north  of  the  southeast 
edge.  At  the  bottom  of  the  quarry  and  nean  the  nortliAAUxst  edge,  a syn- 
clinal fold  ajApeared  and  Avould  presumably  outci'oj)  a short  distance 
north  of  the  opening.  The  largtest  bed — probably  the  lleimliach  big  bed 
of  quarrymen,  also  mentioned  at  quariues  72,  73,  and  74,  Avest  of  the 
Lehigh  River — is  described  as  measuring  10  to  15  feet  in  thickness  or 
25  feet  along  the  cleavage.  At  the  time  of  Saudei's’  visit  rooting  slate 
AA'as  the  chief  ])roduct  but  a large  school  slate  factory  aams  h)cat(Ml  heia* 
also  to  use  some  of  the  darker  beds. 

There  is  much  (pie.stion  as  to  the  correlation  of  the  strata  exposed 
here,  as  AA’ell  as  iu  the  Rudolf,  Peters,  and  David  Williams  (piarries 
nearby,  in  the  Lehigh  (lap.  Dill  Hughes,  Tjucerne,  and  Riverside  (piar- 
r.ies  Avest  of  Lehigh  River  and  in  (Quarry  85,  yet  to  be  dtxscribed.  The 
beds  in  these  (piarries  are  collectively  spoken  of  as  the  Heimbach 
“rnn,”  and  the  big  bed  described  liy  Sanders  is  fre({uently  mentioned 
and  AA^as  of  prime  economic  im])ortance.  Structural  relations  and  geo- 
graphic distribution  suggest  that  the  Heimbach  “run”  is  immediately 
above  or  belo\A’  the  Franklin  “rnn,”  but  oiienings  are  lacking  AA'here 
the  sequence  can  actually  be  nu'asured,  and  north  of  the  Hower  (piarry 
at  Danielsville,  Avell  above  the  Star  “rnn,”  are  tAA'o  big  betls  thought 
by  .some  to  be  the  Heindiach  “run,”  and  hence  much  higher. 

The  Avriter  can  offer  only  a very  teutatiA'C  correlation  ; this  a.ssigns  the 
Heimbach  beds  to  a position  just  beloAA  the  Franklin  “run”  and  seeks 
to  correlate  the  Heimbach  big  bed  AA-ith  the  Little  Franklin  big  bed, 
Avhich  has  a comparable  thickness  (12  to  14  feet  AA'here  measured  by  the. 
AA’riter).  The  tAvo  big  beds  north  of  the  HoAA'cr  quarry  ai-e,  on  this  hy- 
pothe.sis,  correlated  Avith  those  of  the  Folumbia  “run”  and  are  much 
higher  in  the  stratigraphic  column. 

85.  This  is  a grou])  of  five  small  unnamed  o])enings,  the  nearest  of 
AA'hich  is  300  feet  ea.st  of  the  Heimbach  (piarry;  all  are  south  of  the  Tieh- 
igh  (S:  NeAV  England  Railroad.  The  tlii'ee  southern  openings  (lettered  ii, 
1),  and  c,  from  Aiest  to  ea.st)  are  essentially  on  the  same  strike  line.  The 
tAA'o  others  are  respeetiA-ely  200  (C^narry  d)  and  600  feet  ((Quarry  c) 
north  of  (Quarry  c.  None  has  been  Avorked  in  recent  years. 

1 Op.  fit.,  pp.  111-112  and  finure  10,  p.  Ill),  ISO. 
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Quarry  85  a is  au  irregular  opening’,  about  lot)  l)y  100  feet  in  maxi- 
mum  diineirsions.  At  its  north  edg'e  the  beds  sti'ike  N.80°E.  and  dij)  ver- 
tically, whereas  the  cleavage  dijis  ()0°S.  A small,  very  tight  anticline 
(see  Figure  80)  shows  here,  with  the  north  limb  sui-prisingly  thick  in 


7 feet 


> 


Fij;.  SO.  Small  anticlinal  draf;'  fold  in  cast  wall  of  Quarry  85  a. 

comparison  with  the  south  lind).  At  the  south  edge  of  the  opening  the 
strike  is  as  e]s(>wliere  and  dip  is  (iO°N.  Ilroadly  considered,  therefore,  the 
structure  is  anticlinal,  with  minor  synclinal  and  anticlinal  drag  folds, 
the  small  fold  mentioned  above'  being  au  examjele.  The  major  anticline, 
on  the  north  limb  of  Avhicb  this  ({uarry  is  located  is  ])i-obably  the  anti- 
cline that  appears  neai'  the  south  side  of  the  Eureka  and  l^ittston 
quarries. 

(^biarry  b is  a deej)  opening  100  feet  in  dianietei-,  showing  the  beds 
di])I)ing  vertically. 

<,)uarry  r is  a shaft,  50  feet  in  diameter  and  al)out  100  feet  deep  to 
water  level.  In  its  walls  the  cleavage  strikes  N.80°E.  and  dips  75°S. ; 
the  beds  ai)])('ar  to  be  horizontal,  jirobably  because  near  the  anticlinal 
crest.  Mnch  of  the  slate  on  the  duinii  shoAvs  fractui'e  cleavage,  associated 
with  the  close  folding  of  this  locality. 

Qluarry  d is  a roughly  I'ectangular  o])ening,  measuring  100  feet  on 
the  side,  noAv  largely  caved.  The  beds  dij)  gently  (120-00°)  south,  a])- 
])arently  rising  to  another  anticlinal  axis. 

Qluarry  e is  a small  hillside  cut  near  the  I'ailroad;  it  shows  20  feet 
of  slate  in  the  Avails.  Tavo  beds  each  5 feet  thick,  with  sandy  loAver  edges, 
are  seen,  sepai'at('d  by  2 feet  of  ribboned  slate.  They  strike  N.75°E.  and 


structnre  is  thus  like  that  in  Qiian-y  d. 

Nothing  is  knoAvn  of  the  history  of  any  of  these  openings. 

(^uarr]i  86.  This  small  prospect  pit  lies  about  2000  feet  east  of  the 
Caskey  and  Emaek  (piari'y  (Xo.  70)  on  the  hillside  overlooking  Wal- 
nut poid.  It  is  a cut  00  by  40  feet  in  size  and  20  feet  deep,  tilled  Avith 
decayed  and  broken  slate.  It  shoAvs  thin,  sandy  beds  Avhich  strike 
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X.72°E.  ami  dip  r)()°S:,  ^vhel■(‘a.s  the  eleava^v,  .striking-  similarly,  dips 
40°S. ; the  struc'ture  is  thus  elearly  the  north  |imh  of  a northward- 
tip])ed  antieline.  Smaller  pits  nearliy  show  no  hed  roek  in  i)laee.  Evi- 
dently none  of  these  openings  ])rodneed  slate  on  a eomniercial  soah*. 

(}uarr\j  87.  Lavrahre  These  thrc'e  oi)eidngs  are  about  1.2 

miles  east  of  ^Yalnntport  and  2()(t0  feet  south  of  Ap])s.  They  are  ar- 
ranged roughly  in  a line  trending  noi'th.  The  south  one  is  7.)  hy  HO 
feet  in  size.  i)robably  HO  feet  dee]),  and  shows  one  hig  bed,  8 feet  in 
actual  tliickness,  which  is  stratigi'aphically  between  the  Trout  Ereek 
and  Wasliington  “runs."  The  betiding  sti'ikes  X.H2°E.  and  di])s  H.)°S.  ; 
cleavage  strikes  X.H5°E.  and  clips  2(i°S.  This  (juarry  was  opened  in 
1915  by  W.  iM.  Benninger  of  Berlinsville. 

The  next  quarry  north  is  a large,  irregular  ot)ening.  200  by  75  feet  in 
area  and  showing  40  feet  of  slate  above  the  level  of  the  water  that 
stands  in  tlie  hole.  The  I"pi)er  Washington  big  bed  comes  to  the  surface 
in  the  west  cornei-,  and  the  Lower  Washington  is  seen  farther  south 
in  the  sinithwt'st  wall.  In  the  west  coimer  the  l)ed.s  strike  X".5S°E.  and 
dip  71°S. ; cleavage  sti'ikes  X.55°E.  and  dips  40°8.  iMuch  of  the  slate 
shows  false  cleavage.  Xo  eipiiiiment,  other  than  one  old  shanty,  remains. 
Tlie  oiiening  was  made  about  1915  by  a Pittsburgh  ojierator. 

A .small  pit,  50  feet  stjnare,  is  seen  in  the  stream  bottom  north  of 
tlie  last  quarry  described.  It  shows  only  a little  till,  for  water  tills  the 
opening.  Its  history  is  like  that  of  the  quarry  last  described. 

88.  Beiuiiiiger  EimrnV.s'.  These  two  ojicning  lie  about  1.2  miles 
northeast  of  the  Walnutport  railroad  station.  Each  is  about  40  feet 
square.  The  walls  of  the  east  ([uarry  are  so  comjilettdy  overgrown  with 
vegetation  and  so  badly  slumped  that  de|)endablc  observations  of  sti'uc- 
ture  covdd  not  be  made.  The  Avest  quarry  shoAws  25  feet  of  weathered  and 
fresh  slate  above  the  level  of  standing  water.  Here  the  hetls  strike 
X.H3°E.  and  dij)  H0°S.;  since  the  cleavage  dii).s  only  4H°S..  it  is  clear 
that  the  beds  are  on  the  south  or  overturned  lind)  of  a synclim*.  They 
are  probably  in  the  AVilliamstoAvn  “run." 

These  tAvo  (inari'ies  Avere  last  Avorked  in  1912  by  W.  M.  Benningei'. 

89.  Oal'  Ilill  and  Loi-efto  ita These  tAvo  (piai'i'ies  are  situated 
about  200  feet  east  ou  the  strik(>  fi-om  the  Benninger  (jiiai'i'ies,  on  the 
north  bank  of  Bertsch  Creek.  The  Avest  or  Oak  Hill  opening  is  90  by  80 
feet  in  area  and  shoAvs  35  feet  of  slate  above  the  Avater  level.  Ijeing  prob- 
ably 50  feet  deejAer  yet  to  quarry  bottom.  The  beds  here  strike 
X.57°E.  and  dip  70°S. ; the  cleavage  strikes  X’'.H2°E.  and  dips  37°S.  Tin* 
LoAver  AYilliamstoAvn  big  bed,  lOl  feet  in  actual  thickness,  ap])ears  at 
the  middle  of  the  sontliAvest  side  and  the  CiAper.  7 fetd  thick,  is  seen 
near  the  nortlnve.st  edge.  The  structure  is  evidently  the  north  lind)  of 
an  anticline  tip])ed  to  the  north,  just  as  in  the  Beninngcr  (piarries.  Op- 
erations here  Avere  cai'ried  on  Avith  Pittston,  Pa.,  capital;  they  Avei'c  dis- 
eontinued  about  1915. 

The  east  (Loretto)  (piarry  is  90  by  110  feet  in  size  and  sIioavs  40 
feet  of  slate  above  the  level  of  the  Avatei',  Avhich  stands  at  the  sni'prising 
elevation  of  20  feet  above  the  stream,  although  the  latt(‘i'  is  oid.A-  150 
feet  aAvay.  The  structure  and  stratigraj)hy  are  as  in  the  Oak  Hill  (piari-y 
the  dip  tlecreasing  slightly  toAvard  the  north.  Xoteworthy  horizontal 
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joints  cut  the  thicker  beds.  This  quarry  was  operated  by  a Wilkes-Barre 
company  at  about  the  same  period  as  the  Oak  Hill  quarry  and  was  shut 
down  at  the  same  time. 

90.  Tliis  o])euiu"  is  about  700  feet  ea.st  of  the  Loretto  quarry,  on  the 
north  bank  of  t^ertsch  Creek,  near  the  stream.  It  is  a small  cut  in  the 
hill.side,  30  by  100  feet  in  area  and  20  feet  deep,  showiup^  thin  beds  of 
slate  that  .strike  N. 57°  E.,  auddip43°S.,  with  cleavage  striking  N.60°E. 
and  dipiiiug  75°S.,  hence  it  is  on  the  south  limb  of  an  anticline.  The 
exact  stratigraphic  ])()sition  of  these  beds  is  doubtful.  The  history  of 
fq)erations  here  is  not  known. 

91.  Old  Griffith  Qiutrrti.  This  is  locatc^d  about  a quarter  of  a mile 
northeast  of  Ap])s,  in  a field  some  400  feet  north  of  the  Lehigh  & New 
England  Railroad.  It  is  a rectangular  o])euing',  115  by  50  feet  in  area, 
with  18  feet  of  slate  showing  above  water  level.  The  beds  strike  N.80°E. 
and  di]:»  85°S.  Cleavage  strikes  N.80°E.,  dips  50°f8.  Grain  trends 
N.30°W.  and  dips  75°NE. 

( )ne  big  bed,  9.1  feet  thick,  is  seen  near  the  northwest  edge  of  the  open- 
ing; it  is  Ijelieved  to  be  the  U])per  Star  big  bed,  but  the  oidy  evidence 
For  this  correlation  is  in  the  areal  and  structural  relations,  as  identify- 
ing measurements  could  not  be  made.  The  slate  on  the  clninp  is  of  fair 
((uality,  but  shows  some  rusting  and  false  cleavage. 

G])erations  were  by  the  Griffith  Brothers  Slate  Company  between 
1888  and  1893. 

92.  Peters  Quarries.  At  and  near  Berlinsville  is  a group  of  17  quar- 
ries, indicated  on  the  sketch  maji  (Figure  81).  The  west  two  of  these 


Fig.  81.  Sketch  inai)  to  sliow  iiiiiiibers  and  letters  used  to  designate 
the  (jiiarries  at  Berlinsville. 

openings  lie  in  a north-south  line  on  the  hillock  ea.st  of  Apps.  They  are 
both  I'oughly  circular,  70  feet  iu  diameter,  and  probably  80  feet  deep, 
but  water  now  .stands  in  them. 

In  the  north  opening  the  Ujtiter  and  Lower  Franklin  big  beds,  here 
11  and  10  feet  thick,  respectively,  are  seen  striking  N.72°E.,  dipping 
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68°S.  at  the  surface  and  steepening’ sli>iiitly  dowinvanl.  Cleava'i’e  strikes 
X.67°E.  and  dips  4.')°S.  (train  trends  X.ha°W.,  dii)s  vertieallj'.  Tins 
(piai’i’v  is  strnetnrally  south  of  a snyelinal  axis. 

At  tlie  southeast  end  of  the  south  opening  the  beds  strike  as  in^tlie 
other  but  dip  3°X".,  'whereas  the  cleavage  stihkes  X.7.>°E.  and  dii)s  45°S. 
lienee  the  beds  here  are  not  overturned.  Earther  nortli  along  the  -walls, 
however,  they  take  a sharj)  turn,  dipping  7d°S.  There  is  1 bus  near  the 
middle  of  the  oi)ening  an  anticlinal  axis,  which  has  an  axial  ])lan(*  simi- 
lar to  the  cleavage  in  strike  and  dip,  namely,  X.()‘2°E.,  d3°S.  A slight 


eastward  pitch  of  the  axis  is  indicated. 

One  big  bed,  about  7 feet  in  actual  thickness,  is  seen  near  the  middle 
of  the  opening.  This  is  the  Little  Fi’anklin  big  bed. 

These  (piarries  Avere  Avorked  by  E.  I).  Petei’s  '•eA’eral  years  ago,  but 
are  noAv  abandoned.  Xo  eqnijnnent  remains  in  place. 


93.  Hiiyhes  and  Griffith  Quarries.  AVithin  600  feet  east  of  the 
Peters  Quarries,  .pist  de.scribed,  are  five  openings,  of  which  the  north 
four  are  on  the  line  of  strike  from  each  other,  Avhile  the  filth  is  a little 
to  the  south  (see  Figure  81).  For  convenience  they  are  designated  l)y 
letter  as  indicated  on  the  key  map. 


-20  ft. 


Pig.  812.  Sketrli  of  .shattered  zone  in  assoeiati(m  Avilli  I pper  Frank- 
lin big  bed  in  Quarry  !);J  b;  note  relation  of  sigmoidally  eiirved  joints. 


Quarry  a is  approximately  circular  in  ]dan  and  80  feet  in  diameter 
and  is  35  feet  dee]).  It  is  opened  in  the  Ijittle  Fraid^lin  and  associated 
beds.  (Jn  account  of  the  surface  decay  and  inaccessiltilify  the  structure 
is  uncertain. 

Quarry  h is  east  along  the  strike  from  the  northern  of  the  tAA'o  Peters 
quarries.  It  is  75  by  200  feet  in  size  and  represents  extensive  operations. 
Along  the  southeastern  edge  the  beds  generally  strike  X.6l°E.  and  the 
di])  is  58-75°S.  at  the  surface  but  steepens  doAvinvard.  The  U])i)er  and 
LoAver  Fraidvlin  big  beds  are  seen,  as  Avell  as  the  Alammoth  big  bed. 
Avhich  is  58  feet  above  the  ri)per  Franklin  and  121  feet  thick.  At  the 
south  (loAver)  edge  of  the  Upi)er  Franklin  big  bed  is  an  open,  crushed 
zone,  about  a foot  Avide,  evideidly  representing  a bedding  slip  zone. 
From  it  numerous  gently  sigmoid  .joints  pass  north  and  doAvn  into  the 
Upper  Franklin  big  bed.  Alnch  the  same  feature  is  also  seen  in  this 
quarry  under  the  LoAver  Franklin  big  bed.  These  shattered  zones  are 
probabl.A'  not  true  bedding  sli])  faidts,  as  there  is  little  or  no  OAudence 
that  they  Inu'e  cut  out  individual  beds,  but  there  has  nnqneslionably 
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been  a breaking  free  of  the  big  beds  along  their  sandy  l)otto)iis  and  a 
eertain  anionnt  of  i)0st-eleavage  iiiovenient  along  the  i)ai‘ting  planes 
thus  detined  (Figure  82). 

Qnarry  h,  together  with  (Quarry  a,  was  last  worked  by  Lamb  and 
Ditehett  of  Bangor. 

(Quarry  c is  70  feet  dee])  and  60  feet  s(|uare.  It  shows  the  same  struc- 
tural relations  as  Quarry  b.  but  is  opened  along  the  Lower  h^'i'anklin  big 
bed,  not  having  been  carried  far  enough  north  to  encounter  Ihe  Upper 
Franklin. 

Quarry  d is  80  feet  deep  to  water  level  and  60  feet  scpiare.  It,  too,  ex- 
])Oses  the  Lower  Frankliii  big  bed,  along  which  in  the  east  and  west 
walls  tunnels  have  been  diuven.  This  and  Quarry  c were  last  worked  by 
David  Hughes. 

(^uai-ry  e was  opened  by  George  Griffith.  It  is  125  by  100  feet  in 
ground  ])lan  and  shows  70  feet  of  slate  above  the  waste  which  covers  the 
h;Ottom.  Here  the  beds  strike  X.68°K.  and  di])  67°8. ; cleavage  stiukes 
N.65°E.  and  dips  40°fS.  The  same  two  big  beds  of  the  Franklin  run  are 
])reseut.  The  structure  and  stratigrai)hy  are  thus  like  those  in  the  (piar- 
ries  on  both  sides. 

f>L  Peters-Afids  (Juarries.  These  three  larger  openings  are  east 
along  the  strike  from  the  (juanvies  numbered  02.  They  are  lettered  from 
east  to  west,  <i  to  c (see  Figure  81). 

Quarry  a is  a small  o])ening',  90  by  80  feet  iu  area,  showing*  5 feet  of 
waste  slate  above  water  level.  No  data  are  available  as  to  this  opening. 

Quarry  h is  270  by  250  feet  in  maximum  size,  is  of  irregular  shape, 
and  has  a total  depth  of  15  feet  to  water.  It  shows  beds  striking  N. 
72°E.  and  dij)i)ing  72°S.  at  the  bottom,  but  Hatteidug  u])ward.  The 
cleavage  strikes  similarly  but  dips  oidy  89°>S.  The  structui-e  is  thus 
the  south  liml)  of  a syncline  that  is  ti])ped  northward,  resemljling,  as 
might  be  expected,  that  of  the  more  northerly  of  the  Peters,  Hughes, 
and  Griffith  quarries. 

Quarry  c is  200  feet  by  225  feet  in  size,  of  irregular  form,  and  70  feet 
deep  to  the  level  of  the  water  which  stands  in  the  hole.  At  some  50 
feet  (horizontal  distance)  noi'th  of  the  southeast  edge,  the  Little  Frank- 
lin big  bed  is  seen.  The  two  Fraidclin  big  beds  are  also  opened  near  the 
michlle  of  the  northeast  wall.  Even  the  (Mammoth  big  bed  (see  also 
(Quarry  92  b)  shows  in  the  northwest  edge. 

The  beds  generally  strike  X.72°E.  and  the  dip  averages  70°S. ; 
Ihe  cleavage  di|«  moi-e  gently.  The  sti'ucture  is  thus  the  north  limb  of 
an  anticline,  just  as  in  Quarries  92  and  92. 

These  three  openings  were  made  l)y  the  Atlas  Slate  Com])any  about 
1905  and  latei'  workeil  by  the  E.  1).  Petei's  Slate  Co.,  but  are  now 
abandoned. 

9:').  P)-(tvideiit  This  large  opeidng  is  about  0.2  mile  west 

of  the  station  of  Berlinsville  on  the  Lehigh  & N'ew  England  Kailroad 
(see  Figure  81).  It  measures  about  225  by  425  feet  in  area  and  has 
a depth  to  water  of  40  feet,  but  is  doubtless  at  least  100  feet  deeper. 

The  ([iiarry  shows  the  south  lind)  and  trough  of  the  Prudential  syn- 
cline. The  southeast  edge  of  the  oj)ening  is  along  the  Lower  Washing- 
ton big  bed,  and  neai-  the  middle  of  the  quariy  the  Upper  Washington 
outcrops  with  a.  dij)  of  75"X. ; this  Hattims  downwai'd  so  that  at  water 
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level  the  bed  di|)s  only  about  45°X.  Tlunv  is  even  a faint  snyyestion  at 
the  noi'tlnvest  edye  of  the  opening  that  the  l)eds  are  rising  somewhat  to 
the  north.  The  axis  of  the  syneline  thus  detined,  therefore,  appears  at 
Avater  level  near  the  nort Invest  edye  of  the  openinu'.  hike  the  eleavaye 
it  strikes  X.7()°K.  and  dips  b()°S.  (See  Fiynre  bdh 


Fig.  83.  View  of  southwest  wall  of  Provident  (iiiaivy  at  llei-linsville. 

-Vote  the  two  Washington  hig  heds,  the  synelinal  striietiire,  and  the 

inononneed  thiekening  downward  of  the  l’|)i>er  Washington  hig  hed. 

When  visited  in  Ib'iT.  the  Provident  quarry  was  idle,  though  there 
was  some  })rohal)ility  that  it  might  he  reopenetl.  as  operations  have  in 
the  past  been  highly  sueeessful.  Some  finished  rooting  slate  Avas  still 
on  the  landing.  A large  rooting  slate  mill  is  near  the  (|uarry. 

96.  (renKiiic  \V<is}u)i(jto)i  These  are  tAvo  quarries  east 

about  200  feet  along  the  the  strike  from  the  Provident  quarry,  and 
shoAving  essentially  the  same  beds  and  struetnrw 

The  Avest  opening  ( (Quarry  n of  this  rejiort  and  “t^narry  2"  of  tin- 
operating  eomjiauA')  is  225  by  200  feet  in  size  and  about  TOO  feet  dee]). 
As  in  the  Provident  ([uarry.  the  liase  of  the  Lower  A ashington  big  beil 
forms  the  southeast  Avail.  At  tliis  edge  the  beds,  eovered  by  40  feet  of 
glacio-tluA'iatile  oA'erburden,  strike  X.72°L..  and  di])  A'ertieall.A.  In 
their  descent  they  flatten  slightly,  then  steepen  again,  and  once  more 
flatten  someAvhat  in  aiqu'oaching  the  trough  of  the  main  (Prudential) 
SAiicline.  PleaA’age  strikes  X.72°E.  and  dips  40  S.  drain  trends  X.- 
18°AT  and  dips  80°XK. 

The  Avork  in  the  Imttom  is  |)roceeding  along  Iavo  tunnels  (Plate  t)0. 
A)  Avhich  are  driven  in  the  nortliAvest  Avail  doAvn  the  dip  of  the  ri)per 
Washington  big  bed.  The  eastern  tunnel  is  suflicienHy  inclinetl  so  as 
to  exi)o.se  a jiart  of  the  LoAver  ATishington  big  bed  as  Avell.  In  the  faee 
Avhere  the  tunnels  are  driAxm  the  beds  have  not  yet  attained  the  hori- 
zontal attitude  seen  in  the  ProA’ident  (piarrA'.  lint  dip  about  22  X. 
Fracture  cleaA'age  is  seen  loeally.  and  tht're  are  also  iiromimmt  joints, 
striking  X.75°E.  and  di]iping  80°X’^. 

The  east  oiiening  i (Quarry  ]>  of  this  report)  is  05  by  110  feet  at  the 
surface  and  ISO  f(“et  dt‘e]i.  It  sIioaa's  the  same  structure  as  dnari'A  </ ; 
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the  beds  on  tlie  southeast  side  strike  N.r)5°B.  and  dip  7d°S.,  but  in  the 
botbrni  tliey  dip  about  4()°N.  Cleavage  and  yrain  are  as  in  Quarry  a. 
In  the  l)ottoiu  a tnnnel  has  been  driven  nortli  to  qnarry  the  Lower 
Wasbington  big  lied.  Flat  joints,  dipping  ir)-50°N.  and  called  “floors” 
by  the  quarryiiien,  ai’e  eonspicuons  in  the  big  bed. 

These  two  o])enings  are  equi]qied  with  the  enstoiiiary  mill  for  mak- 
ing struetni-al  slate  and  blackboards.  An  interesting  feature  is  tlie 
substitution  of  tlerricks  with  booms  of  the  ty])e  used  in  Maine,  in  place 
of  the  cableways  commoidy  seen  in  the  Pennsylvania  slate  regions. 
Proaching  has  also  found  favor  in  these  quarries. 

'riiese  tAVo  openings  were  bnig  worked  by  A.  P.  Berlin  of  Slatington 
and  bis  associates,  but  are  mnv  in  the  bands  of  the  Amalgamated  Slate 
Quarries  Comjiany  of  Elaston,  Pa.  In  the  Slatington  region  they  were 
in  P)27  the  only  tAvo  actAely  operated  quarries  east  of  Lehigh  River. 

97.  Aila.^  Qnnrrief;.  There  are  four  of  these  openings  about  300 
feet  noihh  of  the  Pi-ovident  qnarry.  The  north  one  (Quarry  a)  is  a 
I’ougbly  circular  bole,  Avitb  a diameter  of  about  55  feet.  It  sboAvs  some 
40  feet  of  Aveatbered  slate  in  the  Avails.  The  beds  sti'ike  N.70°E.  and 
di])  85°S.,  whereas  cleavage  strikes  N.75°E.  and  dips  57°S.  The  Mam- 
moth big  bed  is  seen  near  the  north  Avail,  and  the  Upper  Franklin  big 
bed  shows  near  the  south  edge. 

The  next  opening  ( Quaiuy  b)  to  the  south  is  almost  continuons  with 
Quai'ry  a-,  it  measures  150  by  50  feet  and  is  roughly  L-shaped  in  out- 
line. The  structure  is  like  that  in  Quarry  a.  The  LoAver  Franklin  big 
bed  outci'0]As  iii  the  middle  of  the  northeast  AAudl. 

(Quarry  o lies  Avest  of  b.  It  is  160  liy  120  feet  iii  plan  and  shoAvs  50 
feet  of  slate  aboA-e  the  AA'ater  standing  in  the  bottom.  Cleavage  strikes 
X.70°E.  and  dips  45°S.  Crain  ti'ends  X'.36°’\Y.  The  LoAver  Franklin 
big  l)ed  appears  near  the  middle  of  the  Avail,  striking  N.S0°E,  and  dip- 
ping 85°S. 

Quarry  d is  50  feet  Avest  of  c and  30  feet  square.  It  is  a shalloAV  pit 
and  shows  only  some  Aveathered,  thin  beds.  (Structurally  all  of  these 
oiienings  are  noi'th  of  an  anticlinal  axis  Avhich  lies  betAveen  them  and 
the  IT'ovident  qnarry. 

The  dump  built  nj)  east  of  these  (piarries  shoAvs  some  good  slate.  An 
old  mill,  still  ecpiipped  Avith  machinery,  stands  here. 

These  openings  ai-e  said  to  have  been  made  by  the  Atlas  Slate 
Comjiany  about  1805.  Subsequentlj’  the  property  Avas  ])urehased  by 
A.  I‘.  Berlin  but  the  <piarries  Avere  shut  doAvn  at  the  beginning  of  the 
Avar.  They  uoav  belong  to  the  Amalgamated  Slate  Quarries  Company 
of  Easton,  Pa. 

98.  RoherU  (}uary\i.  This  lies  400  feet  east  of  the  ea.stern  Genuine 
Washington  (piaiuy  (No.  06  h).  It  is  125  by  150  feet  iii  areal  dimen- 
sions and  tilled  with  Avater,  a heavy  glacial  overbui'den,  at  least  20  feet 
thick,  ai)j»earing  on  the  sides.  X^o  slate  is  seen  aboA^e  Avater  level.  It  is 
said  that  this  (|uarry  Avas  carried  to  a depth  of  240  feet  and  shoAved 
essentially  the  same  structure  as  the  Genuine  AYashiugtou  quarries,  the 
beds  dipi)ing  steeply  south  at  the  suid'ace  and  steeply  north  farther 
doAvn,  Avith  a ])i'ogressively  battening  uorthward  dip. 

This  (puiTU'y  Avas  opened  iu  1020  by  tlie  Alichael  •!.  Roberts  (Slate  Com- 
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paiiy,  and  shut  doAvii  in  1!)25.  Slates  seen  on  tlie  duni[)  are  of  good 
quality. 

99.  Hdint  und  (iriffitli  (^iKirrics.  These  are  situated  IhOO  feet  north 
of  the  Berlinsville  Station  on  the  Lehigli  & New  Pingland  Railroad.  The 
western  ])it  measures  IdO  hy  60  feet  and  shoAvs  oidy  glacial  till,  in  ])art 
stratified,  above  water  level.  The  eastern  opening  is  oO  feet  in  diam- 
eter and  filled  wifh  wafer.  These  are  little  more  than  pros|)ect  pits, 
opened  hy  (iranville  Hahn  and  the  Griffith  brothers. 

900.  John  lienniiKjer  (^nari'j/.  This  small  oi)ening.  SOO  feet  east 
of  the  last,  is  110  hy  70  feet  in  size  and  25  feet  deej)  to  Ava.ter  lefvel. 
The  beds  strike  X.72°E.  and  dip  50°N.  at  the  southeast  edge,  but  the 
dip  becomes  72°X.  with  depth  and  shows  a similar  change  in  going 
northward  at  the  surface.  (Meavage  strikes  X".76°E.  and  di])S  70°  oi‘ 
less  south.  From  these  facts  the  inference  may  be  di-awn  that  there  is 
an  anticlinal  axis  to  the  south,  |)robably  not  far  from  the  (luarry.  Cor- 
relation of  beds  could  not  be  established. 

This  opening  is  on  the  ])roperty  of  John  Benninger.  It  has  not  been 
operated  recently.  .Slates  seen  on  the  dump  are  of  fair  quality. 

lOl.  This  small  opening  is  about  1000  feet  east  of  the  last.  Tt  is  15 
by  30  feet  in  size,  and  clearly  only  a prospect.  Beds  strike  X.80°E. 
and  dip  35°.S. : cleavage  strikes  N.75°.E.  and  dips  60°.S.  The  beds  are 
thus  not  overturned,  but  represent  the  south  limb  of  an  anticline. 

lOJ.  SeiiholJ  (^nnrr}i.  This  small  pit  is  800  feet  north  of  t^fuarry 
101,  and  is  60  by  100  feet  in  size  and  8 feet  deep  to  watei-  level.  Cleav- 
age here  strikes  X".(i2°E.,  di])s  60°S.:  bedding  is  not  distinct  but  seems 
to  strike  Xr.60°E.  and  dip  35°X’.  A correlation  of  the  .strata  could  not 
be  established. 

The  Commonwealth  Slate  C'omi)anv  operated  this  quarry  from  1922 
to  1926. 

103.  I’vndeniinJ  Quarries.  These  lie  about  0.9  nules  east  of  the 
Berlinsville  .Station  of  the  Lehigh  & X>w  England  Raili'oatl,  and  just 
north  and  Avest  of  the  turn  in  the  higliAvay  leading  from  Berlinsville  to 
Danielsville.  The  Avestern  is  a .small  opening  75  by  85  feet  in  area,  and 
noAv  filled  Avith  Avater,  so  that  only  T feet  of  Aveathered  slate  ai'e  exposed. 
One  big  bed,  tu’obably  in  the  Penn  Lynn  “run”,  is  seen.  The  bedding- 
strike  is  X.72°E.  and  the  dip  aATrages  70°S.  CleaA-age  strikes  Xh80°E. 
and  dips  35°S.  Grain  trends  X.18°'\Y. 

A much  larger  opening,  ]U'opei-ly  the  Prudential  (juari-y,  lies  <‘ast 
of  the  la.st.  It  measures  300  by  230  feet  in  ai'ca  and  Avas  once  about  150 
feet  deep,  though  uoav  filled  Avith  Avater.  At  the  surface  the  beds  dip 
70°S.,  much  as  in  the  smaller  opening.  Though  inaccessibility  ])revent- 
ed  confirmation  by  the  Avriter,  the  Loavci-  and  F])per  ’Washington  (at 
the  south  end)  and  the  Little  Franklin.  liOAA'er  Franklin,  and  L']q)er 
Franklin  big  beds  are  all  reputed  to  have  a])i)eared  in  this  (|narry,  diji- 
ping  steeply  soutluvard  (it  is  said,  50-60°)  on  the  north,  OAmrturned 
limb  of  an  anticline. 

Other  regional  considerations  indicate  that  a .synclinal  axis  must  lie 
a short  distance  north  of  the  main  Prudential  quarry,  hence  the  name 
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of  the  quarry  has  l)een  yiven  to  this  ])roiuinent  fold,  -which  can  be  fol- 
h wed  from  tlie  east  to  the  -west  end  of  the  district. 

The  Prudential  quarries  are  said  to  have  been  shut  down  alxnit  1920. 
Shanties,  boiler  Ivouse,  office,  and  masts  are  still  .standing. 

104.  A small  o]-)ening  lies  in  a field  about  800  feet  east  of  the  Pru- 
dential quarries.  It  is  only  20  feet  S(iuare  aud  iiow  filled  -with  -water. 
No  bed  rock  is  seen  in'  place,  but  a little  S])lit  slate,  -which  is  some-what 
sandy,  is  found  on  the  dump.  There  is  general  agi-eement  among 
conqietent  quarrymen  that  the  Lo-wer  AVashington  big  bed  comes  to  the 
surface  in  the  -wads  of  this  opening.  However,  the  ])it  is  only  a pros- 
])ect  hole  and  never  ])roduced  commercial  slate. 

105.  Banner  (^uari'ij.  This  is  located  just  Avest  of  the  Perlinsville- 
Dauielsville  highway,  2500  feet  north  of  the  Prudential  quar- 
ries. It  is  a rectangular  o])euing  800  feet  sipiare,  and  full  of  Avater, 
but  Avith  25  feet  of  slate  shoAviug  on  the  east  and  Avest  sides.  The  cleaA"- 
age  is  clearly  shoAvn,  striking  N.68°E.  and  dip]ung  48°S.  Jointing 
produces  cuiwed  ])lanes  dipping  steeply  north,  and  easily  confused  Avith 
bedding.  A close  study  of  the  east  Avail,  hoAvever,  sIioaa's  the  bedding, 
.striking  N.71°E.,  di])])ing  50°S.  This  is  an  average  figure,  but  the 
strata  actually  shoAV  numerous  drag  folds,  and  at  the  southeast  edge  of 
the  onening  they  dip  oidy  about  20°8>.,  the  cleavage  being  horizontal. 

From  these  relations  between  bedding  and  cleavage,  it  is  clear  that 
the  structure  is  the  south  limb  of  a .syncline,  tilted  to  the  north. 

Of  interest  is  the  appearance  in  the  middle  of  the  northeast  side  of 
a chloritic,  graphite-free  bed,  the  Gray  bed  of  the  PIoAver  quarry.  This 
can  be  folloAved  eastAvard  through  this  ])art  of  the  >Slatiugton  region, 
and  ]U'obal)ly  lies  just  under  the  LoAver  Star  big  bed. 

This  quai'ry  was  opened  by  B.  Alaurer  about  1880.  It  Avas  then 
bought  by  the  Banner  Slate  Company,  Avhich  operated  it  betAveen  1902 
and  1914,  and  still  OAvns  the  ])ro])erty.  An  old  mill  building  is  south 
of  the  opening.  A little  slate  is  still  seen  on  the  dump  aud  is  of  fair 
quality,  though  .shoAving  false  cleavage. 

10(1.  Oplinger  (.Biarrij.  This  oiiening,  situated  1400  feet  northeast 
of  the  Banner  quarry,  is  L-sha])ed,  Avith  maximum  dimensions  of  70 
and  145  feet.  In  the  Avail  at  the  southeast  side,  about  15  feet  of  slate 
are  seen  above  Avater  level.  Here  the  beds  strike  N.5S°E.,  dip  51°S. 
Cleavage  .strikes  N.(i0°E.,  dips  29°18.  This  suggests  the  north  limb  of  a 
northward-tilted  anticline.  Grain  trends  N.28°AV. 

Xothing  is  knoAvn  as  to  the  history  of  this  quarry. 

107.  j]la(]ar  Q}i(irr]i.  This  moderate-sized  o])eniug,  150  by  225  feet 
in  area,  is  1000  feet  east  of  the  Oplinger  cpiarry.  The  bottom  is  filled 
Avith  Avater.  BeloAV  5 feet  of  glacial  till  some  Aveathered  slate  sIioaa's, 
Avith  cleavage  striking  N.(i5°E.  and  dipj-jing  40°S.  No  bedding  is  rec- 
oznizable,  but  it  is  reported  that  the  beds  dip  gently  south. 

Tlie  Aladoc  (piarry  Avas  o])ened  about  1897  by  the  Aladoe  Slate  Com- 
pany. It  is  uoAV  idle.  A mill  building  stands  ou  the  Avaste  duni])  to 
the  east. 

108.  Pearl  {York-Lien)  Qiiariaj.  This  is  located  about  1700  feet 
east  of  the  Oplinger  quarry.  It  is  240  by  100  feet  in  size;  the  depth 
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is  iiiieertain,  as  'water  stands  in  tin*  boltoni.  ddie  beds  strike  X.S()°K. 
and  dip  12()-2’)°S.  ; cleava,u'e  stidkes  N.(t)°K..  dips  1 lu‘.s(‘  lada- 

tions  indicate  the  south  limit  of  an  anticliin*  axis,  jtrnhaldy  that  'whitdi 
lies  south  of,  the  Oplinyer  iiuarry. 

N^o  big’  beds  are  seen,  but  the  (tray  lied  exjtosed  in  the  Hanner  (piarry 
is  said  to  outcro])  40  feet  north  of  the  I’earl  qnan-y. 

The  history  of  this  tpiarry  is  linked  with  that  of  the  Madoc  tpiarry 
to  the  east. 

109.  We&i  This  large  slate  tpian-y  is  half  a 

mile  east  of  Edgemont  crossroads.  It  im'asnres  240  by  doO  teet  in 
Itlan,  and  is  tilled  with  -water,  but  shows  about  12  feet  of  slate  above 
water  level  along  the  sides.  The  (hqith  attained  is  said  to  have  been 
100-120  feet. 

At  the  southeast  side  the  beds  stidke  about  due  E..  dip  d0°8.  Ilei’c 
the  cleavage  strikes  X.(ir)°E.  and  stands  vertical.  The  gi-ain  trends  X.- 
45° W.  Tlie  (Jra.v  bed.  also  seen  in  the  llannei’  ([uarry  and  possibly  to 
be  correlated  with  the  Gray  bed  of  tbe  Albion  “run”  at  Pen  Ai'g,vl, 
outcrops  near  the  middle  of  lhe  southwest  side.  In  \'ie\v  of  the  rela- 
tions lietween  bedtling  and  (deavage.  it  seems  probable  that  the  struct- 
ure here  is  the  south  limb  of  a westward-pitcbiug  anticline. 

This  is  one  of  the  few  quarries  of  the  Danielsville  region  whtme 
“ribboned”  rooting  slate  was  made.  Some  such  slate  is  still  seen  ou  the 
dump  ea.st  of  the  quarry.  The  (pialitN'  is  good,  though  some  “cats- 
paws”  and  knotty  slate  are  seen.  There  is  no  mill  on  the  ])ropert,v  but 
shanties,  boiler  house,  blacksmith  shf)p,  masts  and  cables  .still  st;ind. 

Quarrying  was  begun  here  in  lS9b.  the  small  hole  to  the  east  (see 
Quarry  111)  heing  the  first  <ine  o])ened.  Several  ])artuershi])s  iu  succes- 
sion controlled  ])roduction,  and  in  1908  the  i)roi)erty  was  enlarged. 
Since  the  war  ])roduction  has  been  sporadic,  and  in  1927  the  (piari'y 
was  idle. 

llU.  A .small  pit,  7)0  feet  s(piare  lies  about  (iOO  feet  southeast  of  the 
West  Montgomery  (piarr,\'.  Xo  slate  shows  in  the  opening. 

111.  East  Monigomerij  Qhu/t//.  4’his  is  situated  400  feet  east  of 
the  larger  West  i\Iontgomery  (piarry.  It  is  1.10  by  180  feet  iu  surface 
dimensions  and  is  tilled  with  water,  so  that  no  geologic  oliservatious 
could  be  made.  It  is  ])robable.  however,  that  lhe  bottom  of  a shallow, 
westward  pitching  synclinal  axis,  not  mapped  because  the  evidenc(>  is 
controversial,  repeats  the  Lower  Star  bed  here,  the  strata  dipping  south 
near  the  north  end  of  the  opening  and  oppositely  near  the  south  end. 

For  the  e(pii])nient  and  history  of  this  (piarry  the  reader  is  referred 
to  the  descriiition  of  the  West  iNlontgomery  qiian-y. 

112.  Hajine.s  Three  old  oiienings.  long  deserted,  are 

about  300  feet  southeast  of  the  Ea.st  IMontgomery  cpiarry.  The  west 
hole  is  conqiletely  tilled  with  water.  It  is  about  121  by  171  feet  in  area. 
Of  the  two  easterly  holes,  the  northern  is  80  b>’  120  fc'ct  iu  size,  and 
is  also  filled  with  water  to  the  surface  of  the  ground.  The  southern 
opening  is  80  by  111  feet  in  size  and  shows  only  a small  amount  of 
heavily  tlecayed  slate  at  the  surface. 

In  the  absence  of  observational  data,  it  ma.v  be  assuimsl  fi'om  I'C- 
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lations  to  the  nearest  ex])osures  that  these  quarries  are  opened  near  a 
synclinal  trough  in  beds  between  the  8tar  and  Franklin  “runs.” 

Nothing  is  known  of  the  history  (jf  these  operations. 

113.  East  Haynes  Quarries.  Two  small  o]-)enings,  only  50  feet 
a])art,  are  located  in  a field  1600  feet  east  of  the  quarries  numbered  112. 
The  north,  main  quarry  is  160  l)y  60  feet  in  size,  and  largely  tilled  with 
water.  Its  beds  strike  N.75°E.,  dip])ing  steeply  south.  There  is  a 
strong  .suggestion  here  of  a nearby  fold  axis,  for  at  the  southeast  side 
the  dip  is  85°8.,  whereas  it  is  70°N.  at  the  north  edge.  One  bed  about 
8 feet  thick  (probably  one  of  the  Key.stone  big  beds)  appears  near  the 
iniddle  of  the  quarry.  The  cleavage  strikes  N.65°E.  and  dips  35°S. 
The  beds  are  thus  on  the  north  limb  of  an  anticline,  showing  northward 
overturning,  with  a synclinal  axis  not  far  to  the  north.  The  .slate  seen 
on  the  dump  seems  to  be  of  good  quality,  but  shows  .some  eomspicuous 
.jointing. 

Th.e  small  hole  to  the  south  is  only  50  feet  sqimre.  It  shows  the 
same  .structure  as  the  larger  opening,  exee])ting  that  the  dip  of  bedding 
is  steeply  south  throughout. 

The.se  quarries  have  not  been  worked  since  1917. 

114.  11  ill  tains  (Quarry.  This  is  600  feet  northeast  of  the  Ea.st 
Haynes  Quarries  and  about  an  e<|iTal  distance  west  of  the  Danielsville- 
Herlinsville  highwa\'.  It  is  80  by  140  feet  in  size,  fidl  of  water,  and 
shows  no  slate  in  place,  though  good  pieces,  not  closely  ribboned,  are 
on  the  dump.  Idie  slate  blocks  seem  to  show  conspicuous  close  jointing. 

The  (juarry  was  oi:)ened  in  1865  by  Owen  AVilliams  and  later  (1902- 
1910)  o])erated  by  the  same  company  that  developed  the  Haynes  and 
East  Haynes  quarries. 

115.  Armiento  (Quarry.  This  small  opening  is  a little  less  than 
half  a mile  north  and  west  of  the  East  Haynes  quarries,  between  the 
two  Ijranches  of  the  Lehigh  & New  England  Railroad  west  of  Daniels- 
ville.  It  is  120  by  50  feet  in  areal  dimensions.  AVhat  appears  above 
water  level  is  oidy  decayed  slate  and  glacial  drift,  so  that  no  inferences 
can  he  drawn  as  to  structure  and  succession  of  beds.  The  history  of 
operations  is  ahso  unknown. 

116.  Coni inenfal  (Quarry.  This  lies  just  southeast  of  tlie  Berlins- 
ville-Danielsville  highway,  about  a mile  in  direct  line  south  of  DanieLs- 
ville.  It  is  180  by  90  feet  in  areal  dimensions.  Being*  filled  with  water 
to  the  surface,  it  shows  no  bed  rock.  Its  history  is  said  to  he  linked 
with  that  of  the  AVilliams  (piarry  (No.  114). 

This  opening  should  he  in  beds  between  the  Franklin  and  Star 
“runs’'  and  the  walls,  if  visible  would  probably  show  a ])oorly  marked 
synclinal  ti'ough. 

117.  Wales-Banyor  (Federal  Slate  Company)  Quarry.  This  aban- 
doned .slate  quarry  is  1000  feet  north  of  the  Continental  quarry.  It  is 
aiq)i'oxi!mdely  125  feet  scpiare  and  tilled  with  water.  Some  .slate  shows, 
however,  the  beds  striking  N.65°E.  and  di])ping  vertically,  whereas 
the  cleavage  strikes  N.70°E.  and  dips  45°S. ; these  relations  suggest 
the  north  limb  of  an  anticline,  ti|)i)ed  northward.  Chi])S  on  the  dump 
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sliow  i:'ra<>inent.s  of  the  Gvay  bed,  lienee  the  sti-ata  lie  hetAveeii  the  Fi'aiik- 
lin  and  Star  "runs’’. 

Olieration.s  here  have  been  in  many  tlii'Ferent  hands,  and  the  Y)ro]ierty 
is  still  owned  by  an  o|)eratin”'  eoniiiany,  but  has  lain  idle  for  several 
years. 

IIS.  This  deserted  quarry  is  about  half  a mile  east  of  I’.assards 
Corners,  just  south  of  the  road.  It  is  ron^’hly  eii'enlar  and  ■).)  feet  in 
diameter.  Some  twenty  feet  of  slate,  without  overburden,  are  seen 
above  water  level.  No  biy  beds  were  noted,  and  the  thinner  ones  ex- 
posed are  not  stratip’raplneally  identitiahle  hut  are  believed  on  rejnit- 
ahle  authority  to  he  in  the  Williamstown  ‘‘rnn”.  The  beds  strike  N.- 
45°E.,  dip  8r)°S.,  whereas  the  eleava^'e  strikes  X.7()°E.  and  dips  88°S., 
relations  which  indicate  the  north  limb  of  a westward  }ntchin^’  anti- 
cline. 

This  (piarry  was  last  opm'ated  by  -I.  E.  (hpiin<ier  about  IhKl. 

119.  Heu'cH  Two  openings,  close  together,  aliont  TT  miles 

south  of  Danielsville,  are  situated  in  a field  south  of  the  highway 
The  north  opening  is  140  feet  on  each  side  and  about  tiO  fe('t  deep. 
The  slate  beds  strike  X.55°hj.  and  dip  t)()°S.,  whereas  cleavage  strikes 
X.7o°E.,  di])s  35°S.  Two  big  beds,  those  of  the  Franklin  “rnn”,  show 
in  this  opening. 

The  south  qnarry  is  40  feet  dee])  and  sliu'htly  smaller  than  the  other. 
The  liedding  dips  55°!8.,  the  cleavage  35°S.  The  structure  here,  then, 
as  in  the  quarry  to  the  north,  is  the  south  limb  of  a syncline.  Two  big 
beds,  the  Up]ier  and  Lower  ’Washington,  ar<*  seen,  the  Lower  big  bed 
aiipearing  a little  north  of  the  south  edge  of  the  opening. 

These  quarries  were  first  operated  by  the  Sewell  Slate  Company  and 
later  for  a time  by  J.  K.  llower  of  Danielsville.  At  present  they  are 
idle. 

120.  East  along  the  .strike  some  (iOO  feet  from  the  Sewell  ((uarries 
are  three  openings  in  the  stream  bottom,  which  may  he  lettered  a,  b, 
and  c,  beginning  at  the  north. 

The  northmost  (Quarry  a)  is  about  180  feet  square  and  shows  direct- 
ly in  the  stream  bottom.  Its  total  dei)th  is  ]irol)al)ly  not  more  than 
50  feet  below  stream  level.  Here  the  beds  strike  X.r)0°E.  and  dij) 
65°S.,  stee))ening  u])ward  as  though  a])proaehing  an  anticlinal  ci’cst 
above  and  to  the  south,  (insistent  with  this  hyjjothesis,  the  cleavage 
strikes  X’^.55°E.  and  dips  38°S.,  that  is,  more  gently  than  the  beds.  This 
opening  is  in  the  'Washington  “run”,  the  Tlp])er  and  Lower  big  beds 
and  the  intervening  ribbons  corres])onding  faii'ly  well  in  thickness  and 
se(pience  Avith  standard  sections. 

Quarry  b is  about  300  feet  soutb  of  the  last.  Tt  .shows  a high  west 
wall  in  the  stream  bottom.  In  this  the  beds  strike  and  dip  as  in  Qinirry 
(/,  but  perhaps  slightly  steeper;  the  cleavage  dips  3r)°S.;  the  structure 
is  thus  as  in  Quarry  a.  The  beds  opened  here  are  probably  in  the  Trout 
Creek  “run”. 

Quarry  c is  still  farther  south  along  the  sti’eam.  It  is  60  feet  S(|nare 
and  50  feet  deep.  The  beds  and  cleavage  strike  and  dip  as  in  Qnarry 
b.  One  conspicuous  bed  about  12  feet  thick,  probably  the  F]q)er  Llue 
Mountain  big  bed,  is  exposed  near  the  northwest  side. 
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Down  stream  from  the  ((iiarries  deseribed  tliere  are  also  several 
smaller  ])its  in  the  hillside  east  of  the  stream. 

As  to  history,  the  two  noidfi  quarries  Avere  opened  by  the  Ilower 
Drothers  Slate  Comi)any  and  the  south  ])it  Avas  last  operated  liy  the. 
Kmpii'e  Slate  Company.  All  are  noAV  deserted. 

1:21.  North  of  the  (piarries  numbered  120,  and  in  the  ereek  bank 
immediately  south  of  the  first  road  erossing  the  stream,  is  a small  pit 
120  by  too  feet  in  area  and  roughly  i-ecdangular  in  plan.  Some  10  feet 
of  slate  shoAv  here,  the  eleavage  stinking  N.t)()°E  and  dipping  50°S. 
The  bedding  and  eorrelation  could  not  be  established  but  the  LoAver 
Washington  big  betl,  dijiiiing  gently  south  and  thus  lying  north  of  a 
sAiieline  is  reputed  to  have  been  quarried. 

This  hole  Avas  ojiened  in  1870  by  Charles  Henry. 

1122.  J’an-ij  Four  small  oiienings  lie  north  of  the  quarry 

just  deseribed  and  of  the  eastAvard  road,  and:  800  feet  east  of  the  high- 
Avay  to  Danielsville.  The  northern  three  ojienings  are  in  an  east-Avest 
line  and  may  be  lettered  a,  l>,  and  c,  going  eastAvard;  the  south  quarry 
{(I)  is  the  largest  and  lies  due  south  of  Quarry  h. 

Qnari-y  n is  a small,  triangular  oiiening,  80  feet  ou  each  side,  in 
Avhich  a little  slate  sIvoavs  above  the  Avater.  Here  bedding  strikes 
X.l.')°Wh  and  dijis  ‘2d°S.,  Avhereas  cleavagi*  strikes  N.70°F.  and  dips 
(i8°S.  (train  trends  X.15°W.  From  the  relations  betAveen  cleavage 
and  bedding'  hei'e  exhibited,  it  is  jilain  that  this  opening  is  on  the  axis 
of  a AvestAvard  ])itching  anticline,  jirobably  the  one  inferred  to  lie  south 
of  the  Banner  (|uarry. 

(^luarries  h and  c are  both  small  ])its  noAv  tilled  with  A\aste.  Quarry 
(I  is  about  125  feet  in  each  .surface  diimmsion,  and  shoAvs  a little  slate 
aboA'e  Avater  level,  covered  by  10  feet  of  till.  The  beds  here  strike 
X’'.8r)°W.  and  di])  25°S.,  cleavage  stilk'es  X.(i5°E.  and  di|)s  50°S.  The 
sliaicture  is  thus  on  tlu'  south  limb  of  the  anticline  mentioned  above  as 
passing  through  (Quarry  li. 

These  are  old  Avoildngs,  nf)AV  deserted,  and  none  is  of  economic  im- 
portance  today. 

12.1.  lloirer  This,  the  largest  (piarry  neai-  Danielsville,  is 

about  3500  feet  south  of  the  Danielsville  crossroads.  It  is  about  525 
by  500  feet  in  area  and  of  irregular  shai)e.  Unfortunately  oidy  a little 
slate  shoAvs  above  AA’ater  hwel,  but  the  original  o]Aening  is  said  to  have 
been  about  300  feet  deep.  The  absence  of  good  expo.sures  is  es]Aecially 
I'cgrettable  since  this  ((uai'ry  i,s  located  in  a critical  position  for  inter- 
]ireting  both  the  structure  and  the  stratigraphy  of  the  region. 

At  the  northeast  side  the  befls  strike  X^.70°E.  and  dip  (i5°S. ; cleav- 
age sti'ikes  X.75°  E.  and  dips  10°.S.  The  structure  is  thus  on  the 
north  liml)  of  an  anticline  tipped  nortlnvard.  This  is  the  only  place 
V,  lieia*  detinite  evidence  as  to  structure  is  available  now.  (lompetent  ob- 
servers, hoAvever,  report  that  near  the  bottom  the  strata  turned,  so  as 
to  outline  a synclinal  trough,  an  interpi'ctation  snpiAorted  by  observa- 
tions near  the  Bannei-  (piarry. 

The  beds  exposed  ai'e  said  to  have  included  the  Ci'ay  bed  mentioned 
at  the  Banner,  Wales-liangor  and  otlier  nearby  (piarries.  The  Avriter 
believes,  on  the  basis  of  measui'ements,  that  the  Upper  Fi'anklin  big 
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bed  would  ai)petir  just  southeast  of  tlu'  o|)(*uiu»';  siiuilai'ly  the  Lower 
Star  Ijig  hed  should  he  iu  the  uortliwest  edge. 

Tlie  finished  rooting  slates  still  on  the  dum|)  ai'e  of  good  ((uality, 
though  many  show  false  cleavage.  An  old  mill  hiiildiug,  a ti’ansfoimi- 
er  house,  and  raa.sts  still  stand  on  the  duni]).  hut  the  (|uarry,  ojx'rated 
even  earlier  than  1880,  was  idle  and  dismaidled  in  1027.  It  really  rej)- 
le.sents  the  fusion  of  thret'  large  ()])enings  of  Avhich  the  nortluum  was 
the  Eagle,  or  original  1 lower  (|uai‘ry. 

121.  (jfeni  (Jian’riis.  Two  smal'er  o])enings,  about  1200  ft*et  north 
of  the  Jlower  (|uarry  and  east  of  the  hiuiiway,  are  both  filh'd  with 
water.  The  larger,  noidheim  one  is  00  by  ITo  feet  iu  size  and  shows  a 
synclinal  axis,  which,  like  the  cleavage,  strikes  about  N.()r)°E.  and  dips 
G0°S.  The  smaller,  southeim  pit  is  127)  by  80  feet  in  size  and  exi)oses  no 
.slate,  being  filled  with  water.  These  beds  ai'e  inferi'ed  to  be  in  oi'  above 
the  Columbia  “run,’’  from  a consideration  of  the  structiii'es  and  the 
known  outcrop  of  lower  beds,  es])ecially  the  Cray  bed,  to  tin*  south. 

Some  (luarrymeii  contend  that  south  of  the  (bun  <iuari'ies  a trench  ex- 
])0sed  the  lleimbach  “I'un,”  with  two  big  beds.  This  the  writer  tpies- 
tions,  as  ))ointed  out  on  page  020,  contending  that  .stratigraphie  posi- 
tion of  the  lleimbach  “run”  is  below  the  Franklin  beds. 

The  Gem  (piarries  were  fiisst  op(med  in  1857.  As  late  as  1880  they 
were  operated  by  the  Henry  Lrothers.  At  i)i-esent  they  are  idle. 

125.  Cttmby'ut  ()H(n-r;i.  This  lai'ge  (piany.  also  called  the  llar])er, 
is  about  1200  feet  noidhwe.st  of  the  Gem  o|)eidn2's.  It  is  noAv  full  of 
water.  Its  dimensions  are  115  by  225  feet,  with  a depth  said  to  be 
250  feet. 

In  the  north  corner,  lieneath  15  feet  of  glacial  till,  the  beds  ai’e  seen 
to  strike  N.b2°E.  and  dip  70°S.  ; cleavage  strikes  X.()0°E.  and  dii)s 
40°S.  The  structTire  is  thus  the  north,  overturned  limb  of  aii  anti- 
cline. Southward  there  is  a further  st('e])einng  of  dip.  It  is  I’eported 
also  that  at  a depth  of  about  20(1  feet  the  beds  turn  to  dij)  noi'tb. 

Nothing  is  known  as  to  the  .stratigraphic  i)()sition  of  the  strata  ex- 
posed. Sanders  mentions  only  thin  beds’.  What  slate  is  seen  on  the 
dump  is  of  good  quality. 

This  opening  was  made  before  the  (fivil  Wai’  and  is  the  oldest  of  the 
ilanielsville  uuarries.  From  1862  to  some  time  aftei-  1880  it  was  in  the 
hands  of  Henry  Har|)er,  who  used  the  product  to  sup])ly  a large  school 
slate  factory  then  located  at  Edgemont.  Subsecpiently  the  ((uaiuy 
changed  hands  and  it  is  now  idle.  No  machinery  remains. 

126.  Naiionul  (i)ii<n‘rii.  This  is  really  two  holes,  n.ow  united,  l,ving 
about  1200  feet  east  of  the  Hower  (piarry.  It  is  iria'gular  in  form,  with 
375  and  100  feet  as  the  maximum  areal  dimensions.  The  dei)th  is  un- 
known and  the  hole  is  fnll  of  water. 

As  to  structure,  the  beds  at  the  middle  of  the  northeast  side  strike 
X.45°E.  and  dip  verticall.v.  Cleavage*  strikes  N.65°E  and  di|)s  40°S. 
btouth  along  the  surface  the  bedding  turns  slightl,v  so  as  to  tip  stee])l,v 
.south.  At  depth,  too,  it  is  said  that  the  beds  turn,  so  as  to  dij)  north. 
These  facts  suggest  the  pi'esence  southward  of  an  anticline  that  is  tilted 
to  the  north. 

’ Saniler.s.  R.  li..  oji.  I’it.,  la'.  aii-Kio,  l.s.s;. 


This  (inai'ry  is  in  l)e(ls  a little  older  stratigrapliically  than  those 
of  the  llower  (|iiarry.  The  (dray  bed  is  north  ot  the  northwest  edge  of 
the  opeinng.  Measurements  even  suggest  that  the  Lower  'Washington 
big’  bed  oeeurs  in  the  southeast  end. 

First  opened  in  18()5,  this  (piarry  has  been  operated  and  abandoned 
intermittently.  The  mf)st  recent  activity  here  was  about  ten  years  ago; 
old  mill  and  office  bnildings  still  stand  on  the  ground. 

127.  Hepi  (Quarry.  This  small  bole.  40  feet  scpiare,  is  4500  feet 
east  and  across  the  road  from  the  National  (piarry.  It  shows  20  feet 
of  slate  in  the  Avails.  The  beds  are  iiidistinct,  but  seem  to  strike  N.70° 
E.  and  dij)  ()5°S.  (Meavage  strikes  N.65°E.  and  dips  55°S.  There  is 
mneh  sandy  material  on  the  dump. 

Olrservations  at  this  pit,  coupled  Avith  its  areal  position,  suggest  that 
it  is  approximately  in  the  Line  IMonntain  “run”  and  is  located  north 
of  an  anticlinal  crest.  It  is  little  moi'o  than  a ])rospect. 

128.  In  the  AA'oods  about  1500  feet  noidh  of  the  Ticpt  quarry  is  a 
small  triangular  opening,  about  110  feet  on  each  side.  A little  slate 
shoAvs  above  water  on  the  southeast  side.  The  bedding  could  not  be 
determined,  but  the  cleavage  dips  35°8.,  and  the  opening  is  probably 
south  of  the  synclinal  axis  that  lies  north  of  the  IIoAver  quarry. 

129.  This  lies  (100  feet  north  of  the  last  and  measures  about  100 
feet  stpiai'e.  Though  a large  dump  is  nearby,  the  opening  is  full  of 
Avatei-  and  structui*al  obserAuitions  could  not  be  made.  The  slate  on  the 
(lumj)  shoAvs  sandy  facies  and  numei’ous  “ catspaAvs. ” 

IiYNNPORT  GROUP. 

Tlu'  (piai'fies  of  this  groii])  are  in  the  Auilley  of  Ontelaunee  Creek  and 
ils  ti  ibutaries.  scattered  over  an  area  about  eight  miles  long  in  a north- 
east dii'ection  and  tAVo  miles  Avide,  Avhieh  lies  parallel  to  and  south  of 
(he  top  of  Line  IMountain,  and  north  of  the  crest  of  Shochary  llidge. 
Sevei-al  small  toAvns.  including  Ncav  Tripoli,  Lynnpoi't,  Wanamaker, 
and  Steinsville  are  in  oi'  near  the  quarry  region,  along  the  line  of  the 
Schuylkill  & Lehigh  (Reading)  Railroad.  The  (piai'ry  ])roduetion 
conid  find  an  outlet  over  this  raili'Oad,  either  by  trucking  to  the  main 
L'acks  or  by  means  of  railroad  spurs;  in  no  ease  are  the  opeiungs  more 
than  three  miles  by  I'oad  from  the  railroad. 

All  of  the  quarries  of  the  Lynnport  grouiA  are  noAV  abandoned.  They 
lie  in  what  the  writei-  believes  to  be  the  “soft”  or  up])er  slate  member 
of  the  IMartinsbnrg  formation.  The  structural  interpretation  of  this 
]-(>giou  has  already  been  discussed  (see  j)age  162  et  sequoi').  These 
slate  beds  may  aa'cII  be  the  equiAudent  of  the  ones  Avorked  at  Slatedale 
and  eastAvard,  but  the  basis  for  exact  correlation  is  not  aAuilable. 

West  of  Slatedale  th(‘  contact  betAveen  the  ujAper  Martinsburg  and 
Ihe  sandy  middle  member  suggests  the  relatively  simi)le  structure  of 
i'e])eated,  roughly  isoclinal  folds.  At  IMosseiwille,  at  the  eastern  end  of 
the  Eynn|)()i't  region,  hoAvevei-,  thei-e  is  an  abrupt  southAvard  bend,  STig- 
gesting,  if  the  sandy  Ixals  north  of  Mosserville  Tinderlie  the  “soft” 
slate  (an  intei'pi-etation,  it  Avill  be  recalled,  Avhich  is  generally  agreed 
to  by  others,  but  not  acce])ted  by  Stose),  that  there  is  ju.st  north  ot 
Mosserville  an  anticline  of  the  sandy  layers  that  pitches  Avest ; south 
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of  this  fold,  between  l\rosservilk‘  Mini  New  Trii>oli,  there  ai)i)ears  to  he 
a syncline  of  the  “.soft”  slate,  also  pitcliiny  west.  Tlie.se  two  .sliau-lnn's 
give  the  sigmoid  geologic  honndary  line  hetwemi  the  n])per  and  middle 
members  of  the  IMartinsbnrg  that  is  seen  on  the  geologic  map.  For  a 
discussion  of  the  detailed  observations  njum  which  this  structural 
hypothesis  is  based,  the  reader  is  i-efei'red  1o  the  descrijitiou  of  (Quar- 
ries 2()  and  28  given  below.  Further,  most  of  the  folds  west  of  Slate- 
dale,  at  their  Avesteiui  exjmsures,  show  a slight  westward  ])itch,  which 
is  consistent  with  the  westward  pitch  recognized  at  INlosserville. 

As  regards  the  sti'uctnre  in  the  Lynnjiort  region  it  Avill  be  recalled 
also,  from  the  jiages  referred  to  above,  that  a tlirnst  fault  (called  the 
Eckville  fault)  is  believed  to  lie  south  of  the  two  low  “hogbacks”  of 
elliptical  ground  plan  just  west  of  (Quaker  (hty  and  the  eastward  con- 
tinuation of  the  same.  This  fanlt  is  supposed  to  lift  oldm-  middle 
Martinsburg-  sandstones  and  slates  to  the  south  up  and  against  the 
younger  “soft”  slate  and  immediately  subjacent  sandstone  of  the  hog- 
back to  the  north.  The  south  edge  of  the  area  of  “.soft”  slate  pro- 
duction here  described  is  thus,  strictly  speaking,  bounded  not  by 
.Shochary  Ridge,  but  by  the  Eckville  fault.  It  might  be  added  that  some 
doubt  exists  as  to  the  exact  location  of  this  fault  in  the  region  w(‘st 
of  Quaker  City;  the  question  is,  is  its  trace  north  or  south  of  the  “hog- 
back” mentioned  above. 

In  detail,  no  attemi)t  has  been  made  to  carry  fold  axe.s  for  gi'eat  dis- 
tances across  the  region,  as  tin*  economic  unimi)ortance  of  the  quarries 
did  not  seem  to  merit  the  expenditure  of  time  needed  for  such  more 
minute  studies. 

The  cleavage  in  the  Lynnport  region  generally  dips  steei)ly  south, 
in  places  almost  vertically.  Near  the  southern  edge  of  the  visible 
occurrences  of  slate,  howevei-,  thei-e  is  observed  a marked  tendency  to- 
ward flattening,  coupled  usually  with  curvature  in  the  cleavage  ])lan('s. 
These  conditions  are  attributed  by  the  writer  to  the  iuHueuce  of  the 
Pickville  thrust  faidt  that  is  thought  to  lie  to  the  south;  it  is  luhieved 
that  the  faulting  dragged  the  cleavage  fi'oni  its  original  vertical  into  a 
more  nearly  recumbent  attitude. 

False  cleavage  is  fairly  general.  AVhat  has  been  said  elsewhere  as  to 
its  common  occui’rence  in  association  with  the  axes  of  folds  and  with 
curved  cleavage  is  borne  out  here  as  well,  dointing  has  not  been  care- 
fully studied,  but  comnioidy  .strikes  jiarallel  to  the  cleavage. 

Attempts  to  correlate  the  beds  exi)o.sed  in  the  quarries  of  the  Lynn- 
port group  with  those  of  the  Klatington  region  have  not  met  Avitli 
sucee.ss,  ])artly,  perhai)S,  because  this  matter  received  very  little  at- 
tention, partly  because  of  the  limited  exposures.  It  is  at  least  possible, 
however,  that  the  efpiivalence  of  the  strata  in  the  two  regions  might 
yet  be  definitely  established  if  due  allowance  were  made  for  changes 
in  relative  thickne.ss  along  the  strike.  (One  difficTdty  is  introduced  by 
the  fact  that  the  southern  edge  of  the  slate  belt  in  the  ljynn])ort  region 
is  bounded  by  the  Eckville  fanlt  and  it  is  tluis  altogether  likidy 
that  .some  of  the  lower  slate  beds  have  been  “cut  out.” 

Though  now  no  longer  important,  the  qiiarries  of  this  region  w(‘re 
once  actively  worked  and  contributed  materially  to  the  slate  ]»roduction 
of  the  State.  Jt  is  not  ])robable  that  they  will  expei'ience  a revival  in 
the  near  future,  however.  The  yi(‘ld  formerly  included  almost  all 
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types  of  “soft’’  slate  ])rocluet,s, — rooting,  blackboards,  electrical  slate, 
structural  material,  and  even  marbbdzed  slate;  there  is  no  recorded 
])roduction,  however,  of  pidverized  or  crushed  slate,  slate  i)encils,  or 
school  slate. 

1.  Ile)iierley  (Quarry.  This  is  0.7  mile  west  of  Quaker  City  on  the 
north  slope  of  a small  lioghack-like  hill  with  elliptical  ground  plan. 
It  is  an  old  cut,  now  largely  filled,  in  the  .south  hank  of  the  stream. 
The  .slate  is  tyi)ical  “ril)honed’’  upper  Martinshurg*.  The  bedding 
strikes  X.75°E.  and  dii)s  53°S.;  cleavage  strikes  N.hO'^E.  and  dips 
vertically.  N^o  conspicuous  big  l)eds  are  exi)osed.  Nothing  is  known 
as  to  quarry  history  here. 

2.  Manintoih  (^iiai-ry.  This  o])ening  is.  situated  about  GOO  feet  east 
of  the  last.  It  is  about  40  feet  square  and  ])rohal)ly  40  feet  deep,  but 
hlletl  with  water.  Though  no  bedding  is  seen  here,  some  heavy  sandy 
l)eds  in  the  stream  150  feet  south  strike  and  dip  as  in  the  Ilemerley 
quarry. 

tSlate  was  quaiu-ied  here  in  18G6,  the  product  being  largely  used  for 
tlagging. 

3.  Oswald  Quarr]!.  This  pit  is  about  200  feet  east  of  the  IMammoth 
quarry.  It  is  very  small  and  ])i'obahly  also  so  shallow  that  solid  slate 
was  not  encountered.  Water  fills  it  at  present  and  bed  rock  cannot 
be  seen. 

■i.  Qual<er  Cif)/  Quarries.  These  three  openings  lie  we.st  of  a 
secondary  road  that  leads  nortliwest  from  the  highway  at  Quaker  City. 
The  north  jjit  is,  small,  30  feet  square  and  10  feet  dee]);  in  it  the  bed- 
ding is  uncertain  but  seems  to  dip  G5°N.,  whereas  the  cleavage  dips 
85°8.  Some  ten  feet  of  weathered  slate  sliow  on  one  side. 

About  80  feet  south  of  this  oi)ening  is  another,  much  larger  one, 
measuring  300  by  100  feet.  A little  slate  with  curved  cleavage  shows 
on  the  south  side.  This  is  the  original  Quaker  City  quarry. 

fSeventy  feet  west  of  the  last  is  a hole  40  feet  s(piare  and  perhaps 
10  deep,  which  shows  the  same  structural  relations  as  given  for  the 
iioidh  one  of  these  tlii'ee  (juarries. 

Quarrying  here  has  had  a long  and  varied  history,  hut  all  three  holes 
are  now  idle. 

5.  East  of  the  Quaker  City  quanues,  and  immediately  across  the 
road,  is  an  opening,  225  by  100  feet  in  size,  showing  7 feet  of  .slate 
al)ove  the  water  with  which  it  is  tilled.  It  is  opened  on  an  anticlinal 
crest,  for  at  the  southeast  edge  the  beds  dip  20°8.,  but  5°N.  near  the 
north  corner.  The  hedding  stidkes  N.70°E.  in  general.  Cleavage 
planes  stidke  N.77°E.  and  dij)  85°81.  No  conspicuous  big  beds  are 
seen.  The  slate  on  the  dum])  a])])eai'.s  to  he  of  fair  quality,  I)ut  nuieli 
of  it  bears  closely-S])aced  calcareous  joints. 

6.  CenfenniaJ  (Quarry.  This  is  about  300  feet  north  of  the  last. 
It  measures  80  by  300  feet  in  size  and  is  se])arated  into  two  parts  by  a 
bridge  of  waste.  One  big  bed  a])pea]-s  along  the  northeast  side  near 
the  east  corner.  The  strata  strike  N.70°E.  and  dip  80°N.,  whereas  the 
cleavage  .strike  is  ])arallel  to  tliat  of  the  bedding  and  the  dip  70°S. 
Structurally  the  opening  is  thus  on  the  north  limb  of  the  anticline  seen 
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in  Quarry  5.  Ono  bi«’  bed  sliows  in  the  ea.st  side,  (irain  trends  N.28° 
E.  This  and  Quarries  5 and  7 were  opened  abont  18.>()  and  last  ope- 
rated in  1905.  Hooting-  slate  was  the  only  pi'odnet. 

7.  A small  prospect  pit  al)ont  75  feet  square  is  situated  about  100 
feet  south  of  Quarry  5.  It  is  filled  Avitli  waste  material  and  w'ater  and 
no  slate  can  now  be  seen  in  place. 

8.  Pittsburgh  Quarrg.  This  opening  is  located  about  800  feet  ea.st 
of  Qnariy  5,  at  the  head  of  a small  tributary  to  Ontelaunee  Creek.  It 
is  200  by  50  feet  in  size  and  shows  18  feet  of  slate  above  Avater  level. 
The  beds  strike  X.88°E.  and  dip  60°X. ; cleavage  strikes  X.74°E.  and 
dips  75°S.  These  relations  suggest  the  north  limb  of  an  anticline  hav- 
ing an  eastward  pitch,  probably  the  same  fold  axis  as  that  inferred  to 
lie  south  of  the  t'entennial  (piarry.  Grain  trends  X.20°E.  One  big- 
bed,  estimated  to  be  abont  20  feet  thick  and  probably  the  same  as  that 
described  in  the  Centennial  quarry,  is  exposed  in  the  northeast  cornei- 
of  the  opening. 

The  history  of  this  ([uarry  is  much  like  that  of  Quarry  G. 

9.  Daniels  Quarrg.  This  is  half  a mile  west  of  Slateville  and  the 
Avestern  of  three  openings  that  lie  Avest  of  a nortlnvard  leatling  roail 
AAdiich  here  leaA'es  the  higlnvay  betAveen  SlateAulle  and  Quaker  City. 
It  is  irregular  in  shape,  measuring  roughly  275  by  140  feet  in  ground 
plan,  and  is  125  feet  deep.  Though  tilled  Avith  Avater  the  quarry  shows 
some  slate  in  the  sides. 

The  sontliAvest  Avail  exhibits  tAA’O  folds,  of  Avhich  the  moi-e  northerly 
is  anticlinal.  The  fold  axes  are  tipi)ed  slightly  nortliAvard,  but  are 
nearly  vertical  and  the  folds  show  far  more  symmetry  than  usual. 
Axial  planes  strike  Xk50°E.  and  dip  steeply  south. 

Some  roofing-  slate  is  still  lying  on  the  dump.  Aside  from  the  not 
uncommon  presence  of  false  cleavage,  it  is  of  good  quality.  The 
quarry  production  Avas  also  used  for  structural  material,  blackboards, 
and  electrical  slate.  An  old  mill  and  other  buildings  stand  nearby. 

This  quarry  Avas  opened  in  1872  and  last  run  about  1905  by  a Head- 
ing firm.  Several  buildings,  including-  one  shanty  and  one  mill,  Avith 
the  usual  equii)ment  are  still  to  be  seen. 

10.  Some  200  feet  east  is  a smaller  L-shaped  opening  about  140  by 
105  feet  in  ground  ])lan,  Avith  8 feet  of  slate  shoAving  aboA'e  Avater  leA^el. 
The  beds  are  believed  to  dip  50°X.,  but  this  is  uncertain  as  the  bedding 
is  indistinct.  Cleavage  strikes  X".70°E.  and  dijis  80°S.  Structurally, 
therefore,  the  opening  is  north  of  an  anticlinal  crest,  the  same  as  the 
one  seen  in  the  Daniels  quarry. 

The  history  of  this  opening-  Is  like  that  of  the  Daniels  quarry. 

11.  This  lies  about  100  feet  east  of  Quarry  10  and  Avest  of  the  road 
leading-  northwest  from  Slateville.  It  Is  250  by  120  feet  in  size  and 
30  feet  of  slate  sIioav  aboA'c  the  Avater  Avith  Avhich  it  is  filled.  The  beds 
dip  35°X.  and  the  cleaA’age  45°S.,  hence  the  structure  is  just  south 
of  an  anticlinal  axis.  The  .strike  of  the  cleaA’age  is  X’^.72°E.,  and  that 
of  bedding  is  somewhat  more  northerly. 

Slate  seen  on  the  dump  are  of  good  quality,  though  the  ribl)ons  are 
unusually  closely  spaced. 
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12.  h’alhach  (}u(irr}i.  Tliis  i,s  east  of  Quarry  11  and  also  east  of 
tlie  road  that  leads  iiortluvest  from  Slateville.  It  is  an  irregnlarlv 
rhomboid  opening',  200  by  (JO  feet  in  plan.  Some  •);■)  feet  of  slate  sIioay 
above  -water  level  in  the  northeast  side,  and  tlie  quarry  ju'obahly  does 
not  extend  fai-  bebnv  -water  level  as  the  dnni])  is  small.  In  the  north- 
east -wall  a sharp  syneline  sho-ws.  the  noiTh  limb  dii)i)iuo’  32°S.  at  -water 
level,  the  south  limb  being  overturned,  as  is  usually  the  ease  with 
folds  in  the  soft  belt.  The  fold  axis  lies  somewhat  north  of  the  strike 
eontinnation  -of  Quarry  11;  the  anticlinal  axis  of  the  latter  is  thus 
])rohably  the  southward  complement  of  the  syncline  in  the  Kalbaeb 
quarry.  The  cleavage  strikes  X.80°E.  and  dips  84°S.  Since  this  is 
the  north  synclinal  limb  and  the  beds  strike  N.oo^E.,  there  is  clear  evi- 
dence of  a ])rononnced  eastei'ly  pitch  of  the  fold.  X"o  big  beds  are 
recognizable. 

This  quarry  was  opeimd  i)y  AVilliam  Roberts  about  1860  and  shut 
down  in  1880.  It  is  said  to  have  a tunnel  leading  eastward  along  the 
strike  from  the  northeast  wall. 

13.  Roberts  Quorru.  This  is  situated  about  800  feet  east  of  the 
last  and  some  6(10  feet  west  of  the  old  church  at  Slateville.  It  is  about 
90  feet  square  and  shows  25  feet  of  slate  above  water  level.  A shallow 
syncline  is  exposed,  the  beds  in  the  south  corner  dipping  35°X.  The 
axial  plane  of  the  fold,  like  the  cleavage,  strikes  N.73°E.  and  di])s  ver- 
tically. This  is  probably  the  syncline  occurring  south  of  the  anticline 
that  shows  in  the  Daniels  qnai'ry  (X^o.  9). 

The  slate  here  is  tyincal  soft  slate,  with  broad  carbonaceous  ribbons. 
Due  bed  at  water  level  is  about  10  feet  in  actual  thickness. 

This  (piarry  was  opened  in  1895  by  William  Roberts  and  has  been 
idle  since  1901. 

7i.  North  KiRIe)-  (}uarrji.  This  is  the  northern  of  two  openings 
located  about  half  a mile  east  of  Slateville,  on  the  east  side  of  the  road 
to  Dine  jMonntain.  It  is  50  by  30  feet  in  size  and  tilled  with  water,  so 
that  no  slate  shows  at  the  surface.  In  the  road  immediately  west  of 
Ihe  (jnarry,  however,  the  beds  are  seen  to  dip  5()°S.,  Avhereas  the  cleav- 
age dips  (i5°S.,  the  strikes  of  bedding  and  cleavage  both  being  abon1 
X’'.7()°E.  The  inference  is  that  the  structure  in  the  (ptarry  is  the  mndh 
liml)  of  a syncline,  i^robably  the  one  observed  in  tlie  Kalbach  fpiariy, 
as  the  strike  eontinnation  of  the  latter  would  carry  it  northeastward 
to  the  X'orth  Kistler  (piarry. 

The  slate  on  the  dump  is  bi'oadly  ribboned.  Dedding  and  cleavage 
intersect  at  a very  low  angle,  so  that  evtm  in  the  closely  “riliboned” 
strata  long  cleavage  .surfaces  of  clear  stock  are  obtainalile.  The  beds 
ai'e  cut  by  numerous  small  joints  filled  with  aragonite  and  quartz;  the 
case  cited  elsewhere  (Figure  16,  page  39)  is  from  this  quarry. 

Xothing  is  known  of  the  hi.story  of  o]iei'ations  hei'c. 

15.  Roulh  Kistler  (Jitarru-  This  is  located  due  east  of  the  Kistler 
farm  house,  and  south  of  the  Xorth  Kistler  quarry,  on  the  hillside  east 
of  the  stream.  It  is  20  liy  40  feet  in  ])lan  and  shows  10  feet  of  slate  in 
ihe  Avails.  The  beds  strike  X.()8°E.  and  dij)  65°X.  at  the  surface,  but 
stee]ien  downward.  Cleavage  strikes  X.80°E.  and  di]is  84°S.  The 
structure  is  thus  tin*  north  limb  of  an  anticline,  jirobably  the  one  seen 
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in  the  Daniels  (inari'v  (Qnai'rv  Xo.  9).  The  ^rain  ti'einls  N.h()°AV., 
(lips  sr)°w. 

One  Ihg'  hed,  (Estimated  to  he  7 feet  thick,  is  expos(‘d.  The  niateidal 
on  tlie  dnnip  is  nf  fair  (pialit.v,  not  closely  ril)honed  and  sh(i\viny  no 
aragonitic  veiidets. 

The  history  of  this  o])(‘nin”'  is  not  known.  Like  Oiiarry  14,  it  is  on 
the  farm  of  Howard  1).  Kistler.  Doth  (ptarrit'S  have  lony  lieen  idh*. 

16.  Ileni-ji  (^uurru.  This  larye  opening  is  aliont  three-qnarters  of 
a mile  north  of  'Wanamaker,  in  the  vallt^y  of  a ti'ihntary  of  Ontelannee 
Creek.  It  is  3d()  by  Llo  feet  in  plan,  has  40  feet  of  slate  above  water 
level,  and  is  ])rohahly  at  least  100  feet  in  total  depth.  The  southwest 
Avail  shoAvs  a heautifnl  syneline,  tipinnl  toAvard  the  north.  Idle  axial 
l)lane,  like  the  cleava^’e,  strikes  X".(iO°E.  and  dips  75°,S.  The  beds 
strike  X".4d°E.  and  dip  60°X.  on  the  south  lindt  of  the  syncline,  in  the 
east  corner,  thus  indicating-  a strong-  Avesterl.A’  ])itch  of  the  fold.  This 
s.A'neline  is  inferred  to  be  that  of  the  Ivalhach  ((iiarry.  Crain  ti-ends 
N.dO®^.  and  is  A'ertical. 

One  big-  bed  at  the  sontheast  edge  of  the  o])ening  is  about  lb  feed  in 
actual  thickness.  The  secpience  above  it  Avas  measured  in  (hdail  bnt 
could  not  be  eorrelat('d  Avith  any  of  tin*  strata  of  the  Slatington  region 
for  Avhich  data  ai'c  available.  The  Ing  bed  ma.A'  rejn-i'sent  one  of  those 
in  the  Peach  Dottom.  bVilliamstOAvn,  Trout  Creek,  or  Keystoiu'  “runs. ” 
Of  these,  the  areal  position  and  ju'oximity  to  the  s;nul\-  middle  iMar- 
linsburg  contact  faA’or  correlation  Avilh  the  T’i)iier  WilliamstoAvn  big 
bed,  though  there  is  at  least  some  res(md)lance  betAveen  the  succf-ssion 
of  “ribhons"  aboA'e  the  big  bed  in  this  (piarry  and  that  above  the 
iManhattan  big  bed. 

The  slate  on  the  dniii])  has  excellent  cleavage,  lacks  nndesirable 
.jointing,  and  still  has  a good  rinu',  despite  several  yeai-s  exjiosure. 

Nothing  is  knoAvn  of  the  history  of  o])erations.  The  (piarr.v  has 
evidently  been  abandoned  for  a long-  time. 

17'.  Soiifh  lleniuinji  (}uarr\i.  About  threeupiarlers  of  a mile  east 
and  slightl.v  nortliAvard  from  the  Henry  ipiarry.  Avest  of  the  road  to 
Blue  Mountain,  and  on  the  land  of  Thomas  C.  Ilei-man.A'  are  the  tAVo 
Hermany  qiAarries.  The  northern  of  tluAse  is  7b  feet  square,  and  sIioavs 
lb  feet  of  slate  above  the  Avater  Avith  AA'hich  it  is  filled.  This  face  of 
slate  is  not  accessible,  but  from  a distance  it  seems  to  sIioav  bedding- 
striking  northeast  and  dipping-  7b°S,,  AA'hereas  the  cleavage  dips  about 
30°8.;  these  obseiwations  must  be  essentially  correct,  for  similar  re- 
lations are  observed  in  the  road  near  the  (piarr.Ay  Avhere  tlu'  strike  of 
bedding  is  X.h()°E.  and  the  dip  88°D.  The  strncture  is  thus  the  over- 
turned north  limb  of  an  anticline. — ])robably  the  same  axis  as  that 
inferred  to  lie  south  of  the  South  Kistler  (luai'rAx 

This  quarry  AA'as  last  Avorked  in  1884.  It  is  said  that  at  the  south 
end  much  “spar’'  ( probald.v  aragonite,  calcite.  and  ([iiartz  filling  in 
.joints)  Avas  found.  Drilling  in  the  bottom  to  a depth  of  b2b  fe(4  re- 
vealed no  change  in  the  direction  of  the  dip. 

18.  7S  orth  (Jitdi'iui.  This  is  abovit  l20n  feet  noi-th  of 

(Quarry  17.  It  is  7b  by  40  feet  in  areal  dimensions,  and  probald.v 
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sliallow,  hut  lunv  filled  with  water.  The  dump  shows  typical  soft  slate 
of  good  quality. 

19.  This  old  cut,  30  feet  square,  is  situated  on  the  soixtli  baidv  of 
the  same  tributary  as  that  on  which  Quarries  17  and  18  are  located, 
about  three-cpiarters  of  a mile  north  of  the  church  at  Jacksonville. 
Near  the  north  edge  it  shows  one  big  bed,  estimated  to  be  10  feet  thick, 
which  sti'ikes  X.70°E.  and  dips  61°S.,  whereas  the  cleavage  strikes 
N.73°E.  and  dijxs  28°>S.  The  structure  is  thus  the  north  limb  of  a 
northward-tilted  anticline,  but  is  so  far  north  of  most  of  the  other 
qnarries  as  to  make  it  inqirobable  that  it  is  continnous  Avith  any  fold 
described  in  quarries  to  the  Avest. 

The  slate  seen  on  the  dump  is  of  good  (piality,  Avith  excellent  cleav- 
age, little  jointing,  and  no  close  ribboning. 

This  quarry  has  evidently  long  been  abandoned. 

20.  fyouth  Hhenfon  Quarry.  Half  a mile  north  of  Lynnport,  on  one 
of  the  headAvaters  of  Ontelaunee  Creek,  are  four  openings,  commonly 
called  colleetiA'cly  the  Shenton  qnarries.  The  southmost  is  on  the  east 
hank  of  the  stream,  AA^iereas  the  other  three  (see  Quarry  21)  are  in 
the  stream  bottom  or  on  the  Avest  bank.  This  south  fpiarry  has,  in 
this  re])ort,  been  described  under  a separate  number.  It  is  about  80 
feet  square,  and  shoAvs  a little  slate  aboAT  Avater  leATl  at  the  northeast 
side.  The  beds  cannot  be  distinguished  but  the  cleavage  strikes  N. 
60'°E.,  and  dips  62°S. 

The  quarry  has  long  lieen  abandoned. 

21.  Sheuton  Qnarries.  These  are  the  three  northern  openings  of 
the  quarries  mentioned  under  Quarry  20,  ahoAT.  The  southmost 
(Quarry  a)  is  a cut  iu  the  hillside,  shoAving  25  feet  of  bed  rock.  A big 
bed  estimated  to  be  12  feet  thick,  Avith  ribboned  slate  aboAT,  strikes 
N.62°E.  and  dips  15°N. ; cleavage  strikes  N.r)2°E.  and  dips  42°S. 
The  o])ening  is  thus  just  south  of  an  anticlinal  crest,  the  fold  being 
tipped  OATr  nortliAvard.  Grain  trends  N.28°W. 

Some  100  feet  north  of  Qnarry  a is  a slate  pit  50  by  35  feet  in  plan, 
shoAving  35  feet  of  lied  rock  in  the  soutliAvest  side.  Here  the  strata 
strike  N'.65°E.  and  dip  80°S.,  steepening  doAvinvard  and  tinally  dipinng 
nortliAvard.  The  cleavage  strikes  N.60°E.  and  dips  45°S.  One  hig  bed 
Avith  a thickness  estimated  at  10  feet,  aiipears  in  the  middle  of  the 
quany  Avail,  and  the  relations  betAATen  it  and  the  beds  to  the  south 
suggest  a bedding  sli])  fault  at  its  base.  Structurally  this  cpiarry 
clearly  lies  north  of  the  anticlinal  axis  inferred  from  the  structural 
I'elations  betAATen  cleavage  and  bedding  in  Quarry  a. 

From  Quarry  h 150  feet  north,  is  a larger  opening  (Quarry  c)  80 
by  60  feet  in  area  and  probably  50  feet  deeix  The  beds  here  strike 
N.65°E.  and  dip  66°S. ; cleavage  strikes  X.78°E.  and  dips  40°S.;  the 
structure  is  thus  like  that  in  Qnariy  b. 

Tavo  big  beds  are  seen  here  in  the  southwest  Avail.  The  upper  is  18 
feet  thick  and  the  loAver  10  feet,  Avith  17i/o  feet  of  handed  slate  betAveen. 
One  of  these  is  said  to  have  been  excellent  material  for  blackboards. 
A definite  correlation  Avith  any  of  the  “runs”  seen  at  Slatington  conld 
not  be  established  but  it  is  at  least  probable  that  these  strata  belong 
in  that  part  of  the  standard  section  that  lies  beloAV  the  Blue  Mountain 
“run.” 
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Tile  aiitieliiial  axis  south  of  Quarry  b is  ju-obalily  tliat  inferred  to 
lie  south  of  the  South  Ileriuany  quarry,  heeause  tlie  tivo  opeuinq-x  are 
essentially  on  the  same  strike  line. 

Several  old  buildiuqs  stand  on  the  duiii])  but  the  quarries  are  uov 
idle.  They  were  used  for  a time  to  supjily  the  mill  at  the  Hess  or 
Ontelaunee  quarry  in  Lyiiiqiort. 

22.  //e.s'.s’  {OnieUtunec)  (JiKtrrji.  A larqe  (piarry  is  situated  about 
a quarter  of  a mile  east  of  Lynnport,  and  71)0  feet  north  of  the  Lyiiii- 
port-Slatiuqton  highway.  It  is  2!)l)  by  200  feet  in  jilan,  with  several 
irreqular  reentrants  on  the  sides.  Thouqh  tilled  with  water,  it  shows 
50  feet  of  slate  in  the  walls  and  must  have  attained  great  dejith,  to 
judge  hy  the  size  of  the  dump. 

The  most  conspieuous  feature  is  the  almost  parallel  attitude  of  beds 
and  cleavage.  In  the  north  corner,  for  examiile,  the  beds  .strike  X.80° 
E.,  dip  61°S.,  whereas  tbe  cleavage,  striking  parallel,  di])s  57°S.  In 
the  south  corner  the  beds  ai'e  horizontal,  whereas  the  cleavage  dips 
gently  north,  or  dijis  south  at  a lower  angle  than  the  bedding.  The 
cleavage  is  cons]ucuonsly  curved  (see  Plate  (H,  A)  notably  on  tlu' 
southwe.st  side,  and  here  are  numerous  joints,  dip]ung  vertically,  strik- 
ing N.50-70°E.,  and  filled  in  many  cases  with  ealcite.  This  flat  jiosition 
of  the  cleavage,  eoipiled  with  its  curvature,  and  with  the  shattering  by 
jointing,  all  seem  to  suggest  the  Eckville  fault  hypothesizi'd  to  lie 
south  of  the  opening.  If  the  fault  was  a thrust,  moving-  on  a gently 
dipping  ]ilane,  the  cleavage,  which  elsewhere  is  generally  nearly  v<u'- 
tieal,  might  readily  be  tilted  to  its  ]iresent  horizontal  iiosition. 

The  relation  between  cleavage  and  bedding  show  that  the  structure 
here  is  the  north  limb  of  a greatly  overturned,  well-nigh  recumbent 
anticline,  another  feature  suggestive  of  post-cleavage  faulting,  since 
the  other  folds  seen  in  this  region  u.sually  exhibit  axial  planes  that  ai-e 
tilted  only  slightly  from  the  vertical.  The  grain  trends  X.15°W.,  and 
dips  85° E. 

This  quarry  was  ojiened  ])revious  to  1880,  for  it  is  mentioned  by 
Sanders^.  It  has  ])assed  through  several  hands,  lint  is  now  controlled 
by  the  Shenton  Slate  Company,  which  also  ojierates  the  Locke  quarry 
at  Slatedale.  The  Hess  ((uarry  was  not  actively  productive  iu  1027, 
and  is  only  Avorked  sjioradically.  The  e(piipment  includes  a large, 
veil  designed  mill  for  making  structural  slate,  much  of  the  raw 
material  being  obtained  from  tbe  Locke  (piari-y.  (Many  turned  struc- 
tural products,  such  as  sinks,  are  also  produced,  and  oue  unusual  fea- 
ture is  the  making  of  registers  or  gratings  for  hot-air  heating  on  a, 
drilling  machine  especially  designed.  (Much  marhleized  .slate  Avas  also 
once  manufactured  here. 

23.  Kunfz  Q\iarr]i.  This  is  300  feet  north  of  the  highway  from 
Lynnport  to  Slatington.  about  one  mile  east  of  the  former  toAvn.  As 
the  quarry  is  on  a height  of  land,  the  dunqi  is  a readily  A'isible  land- 
mark. The  opening  is  70  by  155  feet  in  area  and  full  of  Avater,  only 
3 feet  of  slate  shoAving  aboA'e  Avater  level.  The  cleavage  strikes  X".55°E. 
and  dips  62°S.,  and  the  bedding  is  not  recognizable  in  the  small  out- 
crops of  bedrock  above  Avater. 

The  blocks  on  the  duni])  sIioav  irregular,  frequently  curved  cleaA’age. 


* Sanders,  R.  H.,  op.  fit.,  p.  I'iA,  ISp. 
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A few  show  false  eleavaiie,  and  many  have  joints,  spaced  as  closely  as 
at  2 or  3 inch  intervals.  iMany  blocks  are  consipicnonsly  sandy.  On 
deavaft'e  surfaces  dei)ressions  are  seen  fo  confain  small,  glistening- 
areas,  np  to  1/2  ii'idi  ill  tliamefer,  of  a snbsfance  with  pitchy  Ulster,  like 
gilsonite,  bnt  far  less  c()]d)nstible.  Very  little  ribboned  slate  is  seen, 
the  bedding  and  cleavage  intei'secting  at  vei-y  low  angles.  From  anal- 
ogy with  the  Hess  quarry,  it  is  thonglit  that  the  bedding  here  is  prob- 
ably overturned  northward  and  thus  on  the  north  limb  of  an  anticline. 

Xo  e({nipment  remains,  and  the  qnari-y  has  been  abondoned,  it  is 
said,  since  about  1917.  It  was  owned  and  first  operated  by  Erwin 
Probst  and  later  by  the  Slatington  Slate  Com|)any. 

21.  lUhiier  Qua)')'!/.  Ajqn-oximately  IV2  ndles  west  of  Mosserville 
and  an  e(pial  distance  northeast  of  Lynnport  is  an  abandoned  slate 
(jiiarry  on  the  liillside  overlooking  the  headivaters  of  a tributary  to 
Ontelannee  Creek.  The  o])ening  is  90  by  200  feet  in  size  and  about 
40  feet  dee])  to  the  waste  and  watei-  whicli  till  the  bottom. 

The  structure  here  is  the  north  limb,  partly  ovei'tnrned,  of  an  anti- 
cline. At  the  south  edge  the  beds  strike  N.o4°E.  and  di]i  70°S.,  but  the 
dip  steepens  farther  north  and  at  the  nortlnvest  edge  it  is  75°X. 
The  cleavage  strikes  N.70°E.  and  dips  4G°S. ; the  westward  conver- 
gence in  the  strikes  of  ch'avage  and  bedding  suggests  a we.stward 
pitch.  (Irain  trends  N.40°W.  and  is  vertical. 

Four  big  beds  are  seen  here.  One,  a]iproximately  15  feet  thick, 
I'caches  the  surface  20  feet  north  of  the  southeast  edge  of  the  quarry. 
Stratigi-ai)hically  about  100  feet  higher  are  two  big  beds,  the  lower  10, 
the  ui)]ier  (and  northern)  7 feet  thick,  separated  by  about  10  feet  of 
"ribboned”  slate.  Still  higher  by  33  feet  is  a i)air  of  big  beds,  the 
lower  11^2-  The  iqiper  18  feet  in  actual  thickness,  separated  by  22  feet 
of  I'ibboned  slate.  In  detail  this  sequence  does  not  agree  perfectly 
with  that  of  any  of  the  "runs”  at  Slatington  and  no  coi-relation  could 
be  established.  The  nearest  ai)proaeh,  on  the  basis  of  the  thickness  of 
big  beds  and  of  intervening  strata  is  furnished  by  the  sequence  from 
the  Upper  Columbia  big  bed  down  to  the  Second  ((Middle)  Locke  big 
b(*d  (see  ])age  187).  (Most  of  the  work  was  done  in  the  lowest  of  the 
big  beds  mentioned. 

The  slate  on  the  duni])  splits  well  and  false  cleavage'-  is  lacking.  The 
several  thick  beds  separated  by  so  little  waste  should  be  a circumsta'nce 
favoring  ojierations. 

A large  mill  luulding  standing  north  of  the  opening  still  contains 
machinery.  The  (piarry  was  last  worked  about  1915.  Nothing  else  is 
known  as  to  its  history. 

2;).  Ld.urel  Hill  (^iiarrii.  This  is  situated  half  a mile  soutlnvest  of 
the  last  (No.  24),  in  the  stream  valley.  It  is  a large  o]iening  about  180 
feet  sfiuare,  showing  only  water  to  the  level  of  the  ground.  In  the 
stream  bed  nearby,  however,  slate  ontcro])s.  the  beds  striking  N.60°E. 
and  dipping  l(i°>S.,  whereas  the  cleavage  strikes  N.(i8°E.  and  di])s 
70°S.;  sti-ncturally.  tlun-efore,  the  (piarry  is  south  of  the  anticlinal 
crest  mentioned  as  occui-ring  south  of  Quari'y  24. 

On  the  duni])  typical  soft  slate  is  seen  ; it  has  excellent  cleavage. 
Structural  slate,  including  registers,  was  ])roduced  here.  The  (]uarry 
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was  ill  opeiaitidii  as  eavly  as  1S(S();  nieiitioii  is  made  liy  SaiKhnvs  ot  a 
2(i-f()()t  bed  wliieli  was  worked. 

,26'.  Mosserville  ddiese  two  opeinii'i's  lie  respectively  a 

quarter  and  t'oiir-teiitbs  ot  a luih'  south  of  the  little  settlement  of  iMos- 
serville,  west  of  the  road  to  Xt*w  Tripoli.  The  northern  is  a tniimd. 
with  water  now  staiidinji'  in  the  hottoin.  Tlie  beds  at  the  portal  strike 
X.()r)°E.  and  dip  T2°S.,  while  the  eleavaq'e  strikes  N.82°K.  and  dips 
42°S.  The  beds  are  eh'arly  stmqienin^'  northward.  Strnetnrally  an 
antieliiial  crest  evidently  lies  to  the  north. 

Xo  coiispicnons  hi^-  beds  are  seen.  The  jirodncts  wma*  lar>iely 
structural  material,  including'  siidcs  and  mantels.  The  last  ojicrations 
were  carried  on  about  ld)T2. 

The  southern  o])ening  is  a quarry,  originally  consisting  of  two  ojicii- 
ings  se]iarately  workeil  and  united  in  the  progress  of  oiieratioiis.  It 
appro.ximates  ;!()()  b.^'  100  feet  in  area  and  has  a depth  of  40  feet  to 
water  level,  though  [iroliably  20  feet  dee])er.  Two  eoiisidcnons  big  beds 
were  worked.  The  slate  is  not  closely  ribboned  but  shows  nnmerons 
shear  zones  and  much  curved  cleavage,  the  cleavage  deformation  fre- 
qinmtly  being  in  sharp  crinkh's  or  zigzags;  fals(‘  cleavage  striking  X. 
G0“E.  is  ]n-omiiient  also. 

The  outstanding  structural  feature,  however,  is  the  fact  of  ]iitch. 
Wherever  observed  the  cleavage  strikes  X.Ob-T.WE.  and  dips  45-;')0°S. 
The  bedding,  however,  is  highly  variable.  Thus,  at  the  sontli  edge  of 
the  (piarry  at  water  level,  the  .strike  is  X.GO^E.  and  the  di])  vertical, 
evidently  on  the  south,  overturned  limb  of  a syncline.  At  the  north- 
west corner,  however,  the  strik(«  is  N^.10°E.  and  the  di])  7i)°XAV.  This, 
con])led  with  the  obseiwations  at  the  ])ortal  of  the  tunnel,  mentioned 
above,  clearly  shows  that  tbe  general  structure  is  a w'estwai'd  idtcbing 
syncline.  It  accounts  readily  foi'  the  occni'rence  of  sandy  beds  (])re: 
snmably  in  the  middle  Martinsbnrg)  to  the  northeast,  between  Alosser- 
ville  and  Jordan  A'alley.  Tbe  arm-like  area  of  slate  l)etwet‘n  Alosser- 
ville  and  X^ew  Tri])oli  is  a syncline  folded  between  sandy  beds  of  Ihe 
middle  meml)er  of  the  Alartinsbnrg  formation.  The  eastward  end  of 
this  “arm”  in  the  ■|)itching  trotigh  described  is  somewbat  uncertain 
and  there  is  a suggestion  in  the  tojmgi'aphy  that  it  may  extend  all  the 
way  east  to  (lermansville,  following  the  valley  of  a headwatei-  of  Jor- 
dan Creek. 

The  Alossei'ville  tpiari'v  has  long  been  idle;  tlu'  last  o])erations  w(‘re 
about  1!)()0. 

37.  Siegej-  mu]  Kratis  This  is  on  the  east  side  of  the  road, 

opposite  the  Alosservil le  qnari-y  .just  described.  It  is  a Imh*  loO  feet 
square,  now  idled  with  water'  but  said  once  to  have  reached  a depth  of 
90  feet.  The  material  on  the  dnm|)  shows  much  “curl”  oi'  false  cleav- 
age. Work  here  Avas  last  carried  on  in  1S95. 

38.  An  old  quarry,  long  deserted,  lies  far  distant  fi'om  any  others 
in  the  Lyniqiort  grou]),  about  a mile  north  of  Alosservilh'.  Tt  is  in 
part  a cut  into  the  hillside  in  the  east  bank  of  that  headwatm-  of  Onte- 
lannee  Creek  which  dows  south  toward  Alosservide.  The  bedding  .'ind 
cleavage  strike  ])arallel,  alanit  X'.6o°E.,  l)nt  th<‘  dip  of  the  l)eds  is 
south  and  s1ee|)er  than  that  of  the  clea\’age;  ov(M'tui'ning  is  infci'i'cd. 
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No  conspic'iious  beds  are  seen.  The  slate  on  the  small  dump  ap- 
pears to  have  good  cleavage  and  is  very  little  discolored,  though  evi- 
dently exjiosed  to  the  weather  for  many  years. 

The  chief  significance  of  this  oi)ening  is  in  the  fact  that  it  demon- 
strates the  i)resenee  of  a continnoiis  hand  of  workable  “soft”  slate 
north  of  the  sandstone  belt  that  marks  the  middle  Martinshnrg;  strne- 
tnrallj’,  too,  the  dij)  relations  of  cleavage  and  bedding  at  this  quarry 
intlicate  that  the  “soft”  slate,  on  the  overturned,  north  limb  of  an 
anticline,  lies  stratigra])hically  above  the  sandy  beds  of  the  middle 
member,  rather  than  below  them  as  maintained  by  vStose. 

I.OWHII.I.  GROUP. 

The  quarides  of  this  gi'oup  are  widely  scattered  in  Heidelberg  and 
Lowhill  Townships,  in  western  Lehigh  County,  a little  east  of  the 
Berks  County  line.  They  are  grouped  together  only  in  the  interest  of 
sinq)litied  treatment.  Three  are  in  the  “hard”  slate  of  the  lower  mem- 
ber of  the  IMartinsburg ; the  fourth  and  northern  is  in  shaly  strata 
interbedded  with  the  sandstones  of  the  middle  member  of  the  ^ilartins- 
burg.  In  all,  the  production  is  from  clo.sely  banded  slate. 

All  of  these  quarries  have  long  been  abandoned  with  no  prospects  of 
early  resumption.  None  is  reaclily  accessible  to  rail  transportation. 

1.  Flint  Hill  (Quarry.  This  ])it,  long  idle,  was  about  a mile  Avest  of 
Pleasant  Corners,  on  the  short  road  to  New  Tripoli.  Now  the  hole  has 
been  tilled  Avith  rubble,,  and  only  a small  dumj)  remains  as  evidence  of 
the  former  existence  of  the  (piarry.  The  slates  seen  split  well.  Bed- 
ding and  cleaA'age  are  nearly  ])arallel,  the  dHergence  amounting  to 
no  more  than  5°.  Thin  calcareous  layers  control  the  split  to  a certain 
extent,  and  cleavage  flakes  are  apt  to  be  thicker  at  one  end,  Avedging 
out  in  the  direction  of  the  convergence  of  cleaA'age  and  bedding.  In 
the  road  cut  just  south  of  the  tlump,  thin-bedded  sandstone,  ty]ncal  of 
the  middle  Martinshnrg,  is  seen.  The  structure  at  the  probable  tpiarry 
site  is  uncertain,  but  may  be  assumed  to  be  characterized  by  closely 
folded  bedding. 

This  slate  is  interpreted  asi  being  in  a lens  Avithin  the  middle,  sandj^ 
mendier  of  the  Martin.sbui’g  formation.  Himilar  occurrences  of  Avork- 
able  slate  layers  liaA'e  been  described  in  the  northeastern  jiart  of  the 
Lehigh-Northampton  slate  belt,  near  Jolinsonville  (see  page  256). 

2.  Bachman  (Quarry.  About  tAvo-thirds  of  a.  mile  north  of  Weidas- 
ville,  in  the  valley  of  a tributary  to  Lyon  Creek,  is  an  old  slate  (luarry 
35  by  60  feet  in  ground  |)lan.  It  cannot  have  been  a deep  opening,  to 
judge  by  the  size  of  the  dump.  Some  thirty  feet  of  ty])ical  “hard” 
slate  are  seen  in  the  Avest  side,  but  the  structure  is  not  clear.  The  slate 
blocks  on  the  dumj)  are  largely  composed  of  sandy  beds,  closely  “rib- 
boned,” and  the  cleavage  is  nearly  ])arallel  to  the  bedding  and  ATry 
irregular. 

This  quarry  Avas  oiieued  in  1887 ; it  Avas  never  a ATi'y  successful 
operation,  and  is  noAV  idle. 

3.  eH  Clans.wille  Quarry.  This  is  situated  a quarter  of  a mile 
south  of  Claus.sville,  Avest  of  a mad.  It  is  not  more  than  20  feet  deep 
beloAV  Avater  level.  No  slate  remians  on  the  dump,  but  a little  that 
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shows  above  tlie  water  is  typical  “ribboned,”  “bard”  slate.  The 
quarry  lias  been  abandoned  since  !!)()()  at  least. 

■i.  iV/.s't  CI(tussriUe  (^iKirnj.  In  ji’eneral  location  this  opening  re- 
sembles Quarry  3,  but  is  t*ast  of  the  road.  It  exbiliits  the  same  q’eo- 
lop-ical  relations  as  the  West  Claussville  Quarry,  wbicb  it  also  resembles 
in  size  and  in  history. 

TREICHIiERS  GROUP 

Near  the  northeast  edye  of  the  Slatingdon  cptadranyle,  in  Whitehall 
and  North  Whitehall  Townships,  Lehigh  County,  and  in  Allen  and 
Lehigh  Townships,  Northampton  (Vmnty,  are  twelve  isolated  slate 
quarries.  All  are  in  the  lowest  member  of  the  iMartinsbnrg  formation 
except  the  Ilockdale  (piainw  (No.  12).  Some  lie  close  to  Lehigh  Kiver 
and  therefore  would  have  ready  access  to  the  Lehigh  Valley  and  Cen- 
tral of  New  Jersey  railroads,  Init  a few  are  so  far  away  from  these 
means  of  trans])ort  that  their  operation  Avonld  probably  necessitate 
trucking.  All  are  now  idle. 

All  of  the  quarries  of  this  gronj)  are  in  closely  “ribboned'’  slate, 
but  the  angle  of  intersection  of  l)edding  and  cleavage  is  generally  so 
low  that  very  little  banded  slate  has  been  produced.  In  many  ])lac('s 
certain  slate  beds,  especially  those  that  are  slightly  coarser  in  texture, 
break  free,  and  thus  a piece  is  obtained  one  large  surface  of  Avhich  is 
a bedding  ]Jane,  and  the  other  represents  the  cleavage  (see  Figure  19). 
Such  pieces  are  satisfactory  when  small  slates  are  desired,  but  Avhen 
large  ones  are  needed  the  thicker  end  becomes  undesirably  heavy. 

1.  This  old  opening  is  0.8  mile  west  of  Kockdale  on  the  south  bank 
of  Eockdale  Creek.  It  is  only  35  feet  square  and,  as  usual,  tilled  with 
water,  some  10  feet  of  slate  showing  in  the  eastern  corner.  The  cleav- 
age here  strikes  N.73°E.  and  di]is  26°S.,  Avhereas  the  beds  strike  paral- 
lel but  dip  31°S.  This  gentle  angle  of  intersection,  in  view  of  the 
tendency  to  break  along  thin,  calcareous  and  slightly  more  qnartzose 
beds,  makes  it  ])ossible  to  j)rodnce  tapering  rooting  slate  pieces  such  as 
V.  ere  mentioned  in  the  preceding  paragraph. 

Some  finished  roofing  slates,  still  possessing  a good  ring  when  struck 
and  exhibiting  very  little  discoloration,  are  to  be  seen  on  the  dnni]). 
The  quarry  has  howeA’er  long-  been  abandoned.  It  is  ])ossible  that  this 
or  Quarry  2 is  the  oldest  opening  in  the  entire  di.strict. 

2.  Eocli'dule  Quarrij.  About  1000  feet  southwest  of  the  Lehigh 
Valley  Railroad  station  called  Rockdale,  and  up  the  A'alley  of  Rock- 
dale Creek,  is  a .small  cut  20  feet  scpiare  aud  10  feet  deep.  It  slums 
closely  bedded  slate  like  the  “hard,”  “ribboned”  slate  of  the  lower 
IMartinsburg.  The  individual  beds  are  rarely  more  than  one  inch 
thick.  Some  are  sandy  and  along  these  the  slate  tends  to  split.  The 
angle  betAveen  bedding  and  cleavage  jilanes  is  small  enough,  hoAvever. 
to  ]iermit  the  making  of  some  slate  in  the  same  manner  as  Avas  described 
for  Quarry  1.  NeA'ertheless,  the  prospect  is  not  jiromising. 

This  pit  has  been  long  abandoned. 

3.  Buj  RocJi  (^uarnj.  East  of  Lehigh  RiA'er,  about  half  a mile  east 
of  Treichlers  Station  on  the  Central  Railroad  of  Ncav  Jersey,  is  an 
old  slate  ciuarry  (See  Plate  hi,  IV).  It  is  100  by  120  feet  in  size  and 
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shows  50  feet  of  slate  in  its  north  wall.  Itein^'  very  elose  to  the  rail- 
road tracks,  it  is  es|)ecially  well  situated  foi'  shipping;  a drainage  tun- 
nel once  led  under  the  tiaicks  from  the  (piarry  to  the  river. 

The  slate  hei'e  is  tyj)ical,  closely  handed  “hard”  slate,  Init  eleavaye 
and  heddiny  intersect  at  small  anyies,  their  .strikes  Iteiny  })arallel  ; thus, 
tlie  dip  of  the  cleavaye  is  1S°S..  whereas  that  of  the  heddiny  is  .'!()°S. 
These  relations  are  remarkably  uniform  in  the  oi)eniny,  especially  when 
tlie  close  fohliny  southward  alony  the  railroad  track  is  noted. 

Near  the  surface  the  cleavaye  is  curved,  hut  at  the  hottom  it  is  reyu- 
lar  and  excellently  jilane.  Individual  beds  are  up  to  8 inches  in  thiek- 
ness,  but  as  the  slate  s])lit.s  well  on  the  cleavaye  and  is  not  affected  by 
partiny  alony  the  stiadification  the  close  spaciny  of  the  l)eddiny  jilanes 
is  not  a seriously  deleterious  feature.  There  is  nevertheless  a tendency 
for  the  slate  ui)on  ])rolonyed  weatheriny  to  hi'eak  alony  certain  beds. 
IMany  of  the  slates  matle  here,  howevei-,  because  of  the  small  anyle  be- 
tween heddiny  and  cleavaye,  yive  the  ap])eai'ance  of  clear  stock. 

This  (piarry  was  opened  about  1885.  Tlionyh  opm'ations  wen*  not  con- 
tinuous, there  has  been  siioradic  (piai'ryiny  for  rootiny  slate  for  local 
liurposes  even  in  recent  yeai’s.  If  is  said  that  school  slates  were  onet* 
made  here  from  the  “unribboned”  cleavaye  pieces. 

-i.  Frantz  (Quarries.  About  11  miles  southwest  of  Laurys  Station, 
in  the  valley  of  a small  tributary  of  Fells  Creek  is  a laryer  opeidny, 
140  by  !)()  feet  in  yround  plan  and  showiny  30  feet  of  slate  aliove  water 
level.  It  is  now  mostly  tilled  with  waste.  Some  100  feet  northeast 
is  a small  hole,  30  feet  sipiare.  In  the  latter  the  cleavaye  strikes  due 
east  and  dips  30°S. 

Both  cpiarries  show  thin-bedded,  typical  “hard”  slate  with  sandy 
calcareous  “ribbons”.  The  slate  chips  seen  split  as  do  the  ])roducts  of 
most  of  the  quarries  of  this  yrou]),  with  one  surface  parallel  to  the 
heddiny,  yiviny  wedye-shaped  iiieces. 

These  Avo  openinys  have  lony  been  abandoned. 

.5.  Roth  Quarri/.  This  old  openiny  is  about  a mile  due  ea.st  of 
Scheidy.  in  the  valley  of  a tributaiw  of  Sjiriny  Creek.  It  is  105  feet 
square,  but  of  irreyular  shaiie.  Its  total  de])th  must  lie  about  100  feet, 
but  now  a thickness  of  only  40  feet  of  slate  shows  above  watei'  level. 

The  heddiny  strikes  about  X.85°E.  and  dips  yently  south.  Cleavaye 
lias  a .strike  jiarallel  to  the  heddiny,  hut  dijis  somewhat  mort*  .stei'ply: 
the  cleavaye  jilanes,  however,  are  sliyhtly  “wavy”.  Cons|)icuous  joints 
Avere  noted  di])]uuy  vertically  and  strikiua'  approximately  jiarallel  to 
the  cleavaye. 

The  slate  made  here  sIioavs  very  little  “ ribboniny ”,  because  of  the 
yentle  anyle  at  Avhich  the  cleavaye  intersects  the  beds.  In  addition  to 
rootiny  slate  of  yood  yrade,  some  structural  slate  Avas  produced  hens 

The  quarry  Avas  operated  by  Slatiuyton  cajiital.  It  Avas  .shut  doAvn  iu 
1876,  yet  slate  chijis  on  the  diini])  shoAv  no  appreciable  discoloration. 

6.  Xnrtti  Ceniento)!  (}u(t)'r]i.  This  is  the  noidhwesterly  of  tAvo  old 
slate  quarries  about  if  mile  Avest  of  Cementon.  It  is  completely  over- 
yroAvn  and  shows  only  a little  Aveathered  bed  rock  in  Avhich  structui'al 
features  are  indistiuyuishable. 

7.  t^onth  Cementon  <}ua}i‘y.  This  is  about  ‘200  feiff  south  of  (Quarry 
C.  It  is  30  feet  sipiare  and  lU'obably  has  a depth  of  25  feet.  Tin*  cleavaye 
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strikes  N.8()°E.  aiut  (Ii])s  25°N.,  a surprisino’  feature,  possibly  related 
to  fault  drag',  as  the  contact  between  the  Martinsburg  and  the  under- 
lying limestones  is  locally  along  faults  in  this  general  I'egion.  Much 
“I'ibboned’’  slate  is  prodncetl,  for  the  bedding  meets  the  cleavage 
at  high  angles.  The  quarry  has  clearly  long  been  abandoned. 

H.  lieservoir  Quarri/.  This  old  slate  (inarry,  overlooking  the  town 
of  Cementon  to  the  southeast,  has  now  been  converted  into  a reservoir. 
The  slate  blocks  found  there  evidently  represent  quarrj'  waste ; they 
show  thiidy  banded  slate,  in  which  bedding  and  cleavage  meet  at  low 
angles.  Curved  cleavage  is  seen  in  some  pieces.  Xothing  is  known  of  the 
history  of  operations  here. 

!>.  About  1.1  miles  noi-th  of  Siegfried  (Xorthamptou)  Station,  along 
the  Central  Railroad  of  Xew  Jersey,  is  an  old  slate  quarry,  long  aban- 
doned. It  is  40  feet  scpiare  and  shows  5 feet  or  so  of  slate,  not  acces- 
sible, above  the  water  Avith  Avhicb  it  is  filled.  The  eleav'age  planes  are 
approximately  horizontal,  but  are  commoidy  somcAvliat  cui'A'ed.  The 
bole  has  clearly  long  been  abandoned. 

10.  In  the  bottom  of  a,  small  stream  that  enters  Lehigh  River  from 
the  east,  approximately  11  miles  north  of  the  railroad,  station  at  Sieg- 
fried (Xorthamptou),  is  an  old  o]ieniug,  iioav  hidden  in  the  woods, 
about  120  feet  sipiare  and  showing'  80  feet  of  bed  rock  in  the  nortlnvest 
side.  The  slate  is  closely  “ribboned”,  ty])ical  “hard”  slate.  A few  beds 
Aveather  uneA-enly ; otherAvise  there  are  no  nnusual  qualities.  This 
(piarry,  too,  has  long  been  deserted. 

1 1.  About  000  feet  east  of  Quarry  9,  on  the  slope  of  the  bill  ovei'- 
looking  Lehigh  River,  is  a small  hole,  40  by  60  feet  in  surface  area  and 
jiossibly  40  feet  deejA,  hut  now  filled  Avith  water.  Here  is  ty])ical 
“ ribboned”  “hard ” slate,  loose  chips  of  Avhieh  shoAv  bedding  and  cleav- 
age meeting  at  Ioav  angles. 

Several  cuts  shoAV  nearby,  but  no  (juari'ying  has  been  done  here  in 
recent  years. 


AVAliBEBTS  GROUP. 

The  southeastern  edge  of  the  (Martinsburg  formation  iu  Lehigh 
County  shoAvs  a sei'ies  of  arms  or  tongues  pro.iecting  eastvA'ard  into  an 
area  underlain  by  earliei'  limestones;  locally  these  tongue-like  forms 
become  com])letely  cut  off  from  the  main  area  of  the  Martinsburg  for- 
matioAi,  constituting  outliers.  The  struetvu'al  reasons  for  the  ap]Aearanee 
of  such  more  or  less  isolated  areas  of  the  Martinsburg  Avithin  the  Or- 
dovician and  Cambrian  limestones  have  not  been  Avorked  out;  Dale’ 
and  (Miller-  haA'e  attributed  many  of  the  irregularities  to  fault  patterns 
of  various  kinds,  and  some  ai'e  umpiestionably  the  result  of  infolding. 

One  of  these,  resulting  jArohably  from  such  infolding,  is  Huckleberry 
Ridge,  in  the  east  central  [Aart  of  the  81atington  (juadrangle.  The  west- 
Avai'd-pitching  syncline,  to  the  presence  of  AA’hieh  this  mass  of  Martins- 
burg slates  can  be.st  be  attribTited,  has  preserved  some  hard  slate  in  a 
single  quarry,  though  several  clay  ])its  liaA'e  been  Avorked  in  the  as- 

1 Dalp,  T.  N.,  Unpubli-slied  iiotp.s;  luMdc  aviiilalilc  tlirouf'li  the  eoiirte.^y  of  the  Director, 
p.  S.  Geological  .Survey. 

-Miller,  B.  L.,  oral  couimunication. 
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sociated  .sliale.s,  as  a quarter  of  a mile  iioi'tli  of  Weniiei'sville  and  a mile 
nortli  of  Walberts. 

1.  Snjidersrille  Quan  ij.  About  0.7  mile  east  of  Snydersville,  just 
north  of  tlie  road  from  that  hamlet  east  towai'd  Eekeid,  is  an  old  slate 
quarry  on  the  Garnet  proi)erty.  it  is  40  l)y  100  feet  in  area  and  reputed 
to  liave  reaelied  a depth  of  90  feet,  hut  is  now  fnll  of  water  so  that  oidy 
20  feet  of  slate  shows  in  the  walls.  The  heddiny'  and  eleava;.>e  sti'ike  aj)- 
proxiniately  parallel,  X.70°E.;  the  beds  dip  7)0°^.  and  the  cleavage 
20°S.  dointing  is  eonsj)ieuous,  striking  X.H0°E.  and  tlipi)ing  vei'tieally. 
The  grain  trends  X..‘tr)°W.  and  is  vertical. 

The  slate  blocks  on  the  dump  cleave  well,  hut  show  local  wriidviiug, 
and  some  are  affected  by  <iuartz-tilled  joints.  On  the  whole,  the  “rib- 
bons” are  not  planes  of  ])arting,  so  that  typical  liaial  slate  of  uniform 
thickness  could  well  be  made. 

This  quarry  has  not  been  worked  for  50  yeai's  or  so.  It  is  mentioned 
by  Sauciers  as  being  idle  as  early  as  ISiSO'. 

GREEKAWAI.D  GROUP. 

The  quarries  of  the  Gi-eenawald  group  are  located  near  the  hamlet 
of  that  name,  in  northeastern  Berks  County.  Tlu'y  have  never  yielded 
slate  in  slabs  suitable  for  roofing,  flagging,  or  structural  uses,  but 
their  product  has  been  crushed  and  granulated  or  2)owdered,  to  serve 
as  slate  chips  on  tar  roofing  or  as  filler  with  pigment ing  cjualities. 
Since  they  enter  into  comjietition  with  the  “soft”  and  “hai'd”  slates 
of  the  district,  however,  and  furnish  an  economically  imjcortant 
slate-like  product,  they  are  described  here.  As  a reminder  that  these 
openings  do  not  yield  rooting  slate  or  slate  for  structural  purposes, 
their  location  has  been  indicated  on  the  maps  by  means  of  crossed 
picks,  instead  of  the  quarry  symbols  generally  employed  for  those 
openings  yielding  roofing  or  structural  slate. 

The  red  and  green  slates  occiu-  as  beds  interstratified  with  the  coarse, 
sandy  layers  of  the  middle  Martinsburg.  Like  the  latter,  they  show 
much  folding,  and,  lieing  more  jilastie  than  the  sandy  beds,  tluw  have 
been  folded  even  more  inten.sely.  The  details  of  these  folds  are  indicated 
ill  the  small  scale  map  (Plate  25)  and  are  also  discussed  in  the  de- 
scriptions of  the  individual  ciuarries.  Since  the  beds  are  not  homogen- 
eous through  great  thicknesses,  they  have  not  develojied  the  uniform 
cleavage  seen  in  the  gray  slates  of  the  “hard”  or  “soft”  belt.  The 
fracture  is  only  partly  along  cleavage  planes ; it  is  in  many  cases 
parallel  to  jointing  and  most  commonly  determined  by  bedding. 

In  appearance  the  workable  part  of  these  rocks  consists  of  thin, 
slabby  beds,  generally  from  1 to  3 inches  thick.  These  are  slialy  to  slaty 
in  structure.  They  are  all  fine-grained,  that  with  coarsest  texture  ap- 
proximating a fine  sandstone.  In  color  they  exhibit  various  slnules  of 
purple,  green,  and  ocher-yellow.  8o  great  is  the  variation,  that  a def- 
inite color  designation  is  inqiossilile.  Tyiiical  reds  and  reddi.sh  browns 
are  9"ni  and  5"i  of  the  Kiclgway  color  standards.  - The  greens  vary 
from  bright  grass  green  to  olive  gray.  There  are  frecpient  occurrences 
in  the  red  slates  of  noteworthy  iiatches  iq)  to  a foot  in  diameter  having 
light  green  color  and  evidently  representing  ai'eas  of  alleration. 


1 SaiBlors,  K.  II.,  op.  c*it.,  p.  12.*^,  1883. 

- Ri<lKway,  Rolx^rt,  Color  stamlartls  and  color  nonn*n(‘laliiro,  Wasliintfton , 1>.  I!d2. 
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PIjATK  62. 


A.  V'iow  into  lai'f>'e  i-('d  and  j;reon  shale  <inarry  at  (ireenawald ; the 
irresniar  li}>iit-eoloi'(“d  areas  represent  zones  of  rednetion  and  leaeh- 
int;,  now  li<>ht  fir(‘en  in  color. 


15.  Small  dra}>'  folds  and  thrust  faidts  in  sandy  layei-s  near  reil 
shales,  in  i-ailroad  cut  half  a mile  soiiih  of  .Albany  Station. 


(iUKKXAWAI,! ) (:U<  ti  l’ 


8tn‘aks  of  tliis  lyjte  also  follow  joiiil  pianos  (soe  Platt*  (12,  A).  A 
brief  clisenssion  of  these  eolor  (lilferenoos  in  relation  to  mineral  content 
is  yiven  below. 

i\Iicroseopieally  these  rocks  may  be  best  classed  as  clay  slates.  They 
.show  slig’btly  less  metaniorpbism  than  the  time  slates  of  the  “soft” 
and  “hard”  belts  (see  jiages  182  to  LSd).  iMineralogically  tlnw  eontain 
much  kaolin  (or  other  related  minerals  of  the  group  of  hydrous  alumi- 
num .silicates)  in  A’ery  fine  masses.  (Considerable  (piart/.  in  sub-angnlar 
to  rounded  grains  is  seen.  Some  carbonate  is  also  present,  especiidly  in 
the  more  sandy  layers;  it  weathers  to  limonite  and  hematite.  Finally, 
there  are  large  amounts  of  sericite,  which  contributes  brilliant  aggre- 
gate extinction  in  sections  at  right  anglen  to  the  cleavage.  Fliloriie  is 
present,  but  is  not  conspicuous  in  amonnt  and  the  erystallobhrsts  or 
metacry.sts  of  chlorite  noted  in  the  soft  slates  are  lacking.  (Irapbite  is 
conSj[)icuously  absent.  i\lineralogically  the  slates  resembb'  the  (ira>’ 
beds  of  Bangor,  Pen  Argyl,  and  Slatingtou,  but  bear  more  “kaolin.” 

In  detail,  the  ([uartz  is  jiartly  in  lai'ger  grains  up  to  .Oo  mni.  in  diam- 
eter; these  are  rounded  and  show  none  of  tiie  secondary  growth 
remarked  in  the  “soft”  or  “bard”  slates.  Some  beds  aim  almost  tine 
arkosic  sandstones  in  their  preponderance  of  pnartz  grains,  wdtb  oc- 
casional felsdjiar  individuals,  somewhat  rounded,  'riie  ((uartz  also 
occurs  in  tine  aggregates  of  smaller  grains,  of  which  the  individuals 
are  generally  angular  to  .subaugular;  these  masses  probably  rein-esent 
silty  matter  enmeshed  in  colloidal  clay  when  deposited. 

Sericite  varies  in  character.  The  main  mass  of  the  rock  comsi.sts  of 
this  mineral.  In  thin  sections  ])arallel  to  cleavage  the  individuals  are  cut 
in  ba.sal  sections  and  aim  dark,  but  oriented  sections  at  right  augle,> 
to  cleavage  exhibit  fair  jiaralleliym  in  mineral  elongation,  not  as  per- 
fect by  any  means  as  that  in  the  “soft”  ami  “hard"  slates,  but  still 
dis]ilaying  good  aggregate  extinction. 

The  most  striking  mineralogic  characteristic  of  tb.ese  cobnmd  slates  is 
the  hematite  which  suffuses  the  mass  of  the  red  slates  ami  is  absent 
from  the  green,  ft  is  evident  that  the  former  arc’  the  oxidized  eipnvalents 
of  the  latter.  It  is  also  clear  that  most  of  this  oxidation  antedated  de- 
position, for  it  is  delimited  by  bedding  jilanes;  in  tin*  absence  of  dif- 
ferences in  ])orosity,  the  ])arallelism  between  color  and  bedding  sug- 
gests the  .syngenetic  origin  of  sncb  differences. 

A second  tyiie  of  color  differences,  however,  can  only  be  (*xplained  on 
the  ground  of  reduction,  a jirocess  the  chemistry  of  which  in  this  in- 
stance is  not  well  understood.  Along  joint  iilanes  the  red,  e,s|)ecially  of 
the  bright  red  facies,  is  altered  to  a jiale  green,  similar  to  that  of  the 
unaltered  greenish  beds.  The  same  typi*  of  change  forms  s]dierical  areas, 
especially  conspicuous  on  the  cleavage  planes,  generally  with  a foreign 
pmrticle  in  the  center.  These  jiarticles.  so  far  as  examined  ])etrograpli- 
ically,  are  chlorite  and  quartz;  no  ])yrite  or  oth(*r  anent  that  might  be 
ex])ected  to  ])roduce  rednction  of  tin*  surrounding  mattf*r  was  found. 

The  various  <(uarries  of  this  groiij)  have  been  ojierated  discontinuously 
for  twenty  years  or  more.  In  11)27  one  was  in  inlermittent  o])eration 
at  Greenawald  and  another  at  Lenbai'tsville.  Wilb  1b(*m  is  g(*nerally 
associated  a iilant  for  granulating  or  powtb*ring  tin*  slate  (.piai'ried. 

In  addition  to  the  larg(*r  (dts  tlescribed  below,  the  red  somewhat 
sandy  shales  have  been  wm’ked  in  several  places,  notably  on  Stony  Run, 
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about  a mile  northeast  of  Si^itzenherg.  They  find  favor  as  road  metal 
and  for  tliis  ])nrim.se  lesser  pits  are  commonly  developed  in  the  red 
beds  in  the  general  neighborhood  of  Kempton,  Albany,  and  Greena- 
vald.  As  of  jiossihle  indnstrial  interest,  the  ontcrops  of  these  red  and 
green  shales  have  been  plotted  on  the  small  scale  map  -with  as  much 
accnracy  as  the  reconnaissance  nature  of  these  studies  permitted. 

1.  Alhanij  (^uarrii.  This  is  half  a mile  south  of  Albany,  on  the  vest 
bank  of  hlaiden  Creek.  The  opening  is  300  feet  vide  along  the  strike 
and  100  feet  dovii  the  dip,  Avith  a maximum  depth  of  80  feet.  For  a 
thickness  of  200  feet  the  rocks  are  thin-bedded,  pencil-shattering,  olive 
green  clay-slates  and  shales,  and  Infick  red  to  juirple  shales,  vith  oc- 
casional bleached  ai-eas  for  100  feet.  The  beds  are  greatly  com]n’essed, 
but  generally  strike  N.75°W.  and  dip  70°S.  Similar  details  of  structure 
are  shoAvn  in  the  railroad  cut  a quarter  of  a mile  northeast  of  the 
qnai'ry  (see  Plate  02,  B). 

This  quarry  Avas  made  by  the  Atlas  Mineral  Products  Com])any, 
having  first  been  opened  in  1915.  A mill  for  crushing*  the  slates  Avas 
erected  in  1918.  When  this  structure  burned  doAvn  in  1924,  the  (piarry 
Avas  abandoned. 

3.  Ruth  Quarvjj.  This  small  pit,  60  feet  square  and  about  50  feet 
dee]),  is  the  noi-tliAvestmost  of  those  at  GreenaAvald.  It  is  near  the 
GreenaAvald  Station  on  the  Heading  railroad,  and  some  300  feet  east 
of  the  main  road  on  the  east  side  of  Maiden  Creek.  The  beds  strike 
N.70°B.  and  dip  60°S.,  but  there  is  much  close  folding.  The  slates  are 
red  and  green,  like  those  described  at  the  Whlbur  quarry  (No.  3). 

This  ojAeration  is  a small  one,  the  pit  being  Avorked  oidy  occasionally 
and  the  product  being  hauled  to  the  railroad  by  team. 

3.  ]Vilhi(r  Quan']!.  This  large  opening  is  500  feet  southeast  of  the 
GreenaAvald  Station  (see  Plate  62,  A).  It  measures  400  by  80  feet 
in  area  and  has  a maximnm  depth  of  60  feet.  The  beds  generally  strike 
X.60°K.  and  dip  65° S.  Cleavage  is  not  Avell  marked,  the  chief  fracture 
planes  being  along  the  bedding.  The  dominant  color  is  bright  brick  red, 
bleached  here  and  there,  jAartly  along  .joints,  partly  in  circular  areas 
like  those  mentioned  above.  The  red,  light  green,  and  dark  green  colors 
are  all  distinctly  lianded  Avith  tlie  bedding,  the  poorly  develo]Aed,  ])encil- 
fracturing  cleavage  jAlanes  crossing  the  bedding  indiscriminatel.v  and 
Avithout  relation  to  the  present  color.  BroAvn  beds  are  also  seen,  es- 
pecially at  the  entrance  of  the  cut;  these  are  sandy  and  calcareous. 

The  general  structure  is  mouoclinal,  vith  nortlnvard  overturning. 
Close  fohling  ])redominates,  and  one  small,  tight  anticline  shoAvs  in 
the  north  Avail  but  in  crossing  the  pit  is  ]Ainched  to  the  ai)pearance  of  a 
monoclinal  stmctiire. 

The  product  of  this  quarry  is  delivered  by  a spur  line  to  the  railroad 
and  sliii)ped  aAvay  for  further  treatment.  In  crushed  form  it  is  used 
for  covering  roofing  ])ai)er,  and  Avhen  finely  ground  as  filler  for  coarse 
cloth  and  roofing  ])ai)er.  The  producing  company  is  the  Wilbur  Job 
Com])any  of  Rhode  Island. 

A short  distanee  southeast  of  the  foot  of  the  incline  leading  from  the 
quarry  last  described  is  a small  opening,  not  separately  mapped.  It  is 
100  feet  square  and  uoav  deserted  and  filled  Avith  Avater.  YelloAV,  ocherous 
shales  Avere  Avorked  here  for  linoleum  filler. 


(iliKKXAWALI)  GKori* 


4.  Focht  Quarri/.  This  lar^e  pit  is  about  4')()  t'oet  luirtlieast  of  the 
AVilhur  Quarry.  It  eousists  of  a series  of  partly  eoiiueeted  opeuiiifis 
ag^gregating-  about  500  feet  iu  length  along  tlie  strike  and  100  feet  in 
width,  with  a niaxiniuni  depth  of  about  GO  feet.  The  strueture  elosely 
resembles  that  of  the  Wilhui'  Qiiari-y,  the  eh'avage  dijjping  south  moi'e 
gentlj'  than  the  beds.  Tliei-e  is  also  some  faulting.  The  south  edge  sliows 
much  green  slate,  but  most  of  tlie  opening  is  in  )'(‘d,  slightly  gritty  beds. 

This  ])ro])erty  is  owned  and  was  once  operated  by  d.  S.  Kocht  of 
Greenawald.  Operations  were  begun  in  1<S90,  but  were  later  shifted  to 
the  Wilbur  quarry  (Xo.  3). 

5.  Lenhartsville  (^uarrii.  This  is  situated  on  the  east  side  of 
IMaiden  Creek,  half  a mile  east  of  the  town  of  Lenhartsville.  It  Ims  Ihe 
form  of  a cut  opened  50  feet  along  the  dip  and  120  feet  along  the  strike 
of  the  beds.  The  immediate  structure  is  a small,  tight  syneline,  with 
axis  striking  about  east  and  west,  and  axial  plane  dipping,  like  the 
cleavage,  api)roximately  45°S.  The  south  lindi  is  overturned  and  some- 
what thicker  than  the  north.  The  trough  in  the  fold  is  shown  in  the 
narrow  cut  by  Avhich  the  quarry  is  entered.  Near  the  northeast  edge  an 
indistinct  fault  plane,  striking  about  X".20°W.  and  di|)ping  vertically, 
cuts  across  the  quarry  face;  it  seems  to  have  moved  the  north  side 
southwest  and  up,  to  judge  by  the  .striae  on  the  fault  sui’face  and  the 
repetition  of  beds. 

The  strata  opened  are  pui'ple,  red,  and  brown,  as  well  as  green.  The 
brown  layers  are  sandy,  calcareous,  massive,  and  show  cross-bedding; 
being  relatively  brittle,  they  are  broken  and  worn  smooth  by  move- 
ment, so  as  to  resemble  large  bonlders.  These  are  best  seen  in  the 
entrance  to  the  pit.  The  changes  of  color  fi-om  red  to  gi’cen  and  vice 
versa  are  chietiy  confined  to  bedding  differences,  but  locally  there  ai’e 
changes  from  one  to  the  other  in  the  same  bed.  The  marked  “bleaching” 
of  the  red  beds  noticed  at  the  Will)ur  quarry  is  not  to  he  seen  here, 
however. 

This  quai'ry  was  worked  for  coloi-ed  slate  in  ISDO  by  J.  S.  Focht, 
but  o]>eration.s  probably  date  even  farther  back,  for  it  is  said  that 
attemi)ts  Avere  made  once  to  use  the  red  rock  for  iron  ore  and  an  old 
furnace  still  stands  on  the  ground.  Later  yet  (piarrying  Avas  abandoned 
because  of  large  amount  of  Avaste.  In  1918,  hoAvcA'er,  Avork  w;is  resumed 
here  and  has  continued  Avith  minor  inten-u])tions,  to  the  present  time. 
In  the  year  mentioned  a mill  Avas  installed,  earlicu'  Avork  having 
yielded  only  the  “raAv”,  coarsely  crushed  material  Avhich  Avas  sent  to 
l’hiladel]ibia  for  finishiug. 

The  ])resent  operatoi's  ((Ireeinvich  IManufacturiug  Gonqiany)  have 
imstalled  a train  for  hauling  from  quarry  to  mill.  In  the  latter  the 
tloAV  sheet  includes  drying  in  a Ioav  temperature  kiln,  transferring  by 
bucket  conveyor  to  a ball  mill,  thence  by  AA'orm  conveyor  to  a Inhe  mill, 
and  then  sizing  by  means  of  a dates  ty])e  separator,  the  oversize  being 
returned  to  the  ball  mill.  The  crushed  ])roduct  is  used  as  a filler  and 
pigment. 

HISTORY  OF  THF  LKHIOH-XORTH.AMFTON  DISTRICT 

In  a .small  Avay  at  least,  slate  has  been  produced  in  Lehigh  and 
Northampton  Counties  for  a century.  The  first  o]ieration  i-ecoi-ded  Avas 
in  the  hard  belt  by  a company  from  Baltimore  Avhich  in  1828  began 
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quarrying-  west  of  Laurys  Station  in  AVhiteliall  townsliip,  probably  at 
tlie  Rockdale  quarry  of  this  report. 

In  1831  slate  was  discovered  on  Benninger’s  farm,  east  of  Slatington, 
and  proljably  near  the  site  of  the  present  Genuine  AA'asliington  quar- 
ries, but  extensive  quarrying  on  a (-onimercial  scale  is  }i,ot  known  to 
Iiave  been  done  liere  before  1844.  In  that  year,  according  to  tradition, 
Hie  land  mentioned  was  leased  by  AVilliam  Kol)erts  and  Nelson  Labar, 
who  liecame  interested  in  ((uarrying  from  seeing  slate  outcr()i)s  wliile  on 
a walking  trip  from  Easton  to  Alauch  Chunk.  In  1845  the  AA^elshtown 
luunel,  too,  was  oiiened  and  the  expansion  consequent  on  this  and  other 
i|uarry  operations  led  to  the  laying  out  in  1851  of  the  town  of  Slating- 
tou  liy  the  Lehigh  Slate  Company,  then  the  chief  producer'. 

About  1850  slate  was  discovered  at  Bangor  by  Robert  iM.  Jones,  the 
founder  of  Bangor,  whose  statue  is  seen  at  the  Bangor  High  School, 
on  the  hill  east  of  that  city,  where  the  masts  of  the  Old  Bangor  quarry 
now  .stand.  At  this  time,  too,  the  Chapman  quarries  in  the  hard  belt 
uere  deveh)])ed,  the  charter  of  the  ju-esent  company  being  dated  1861. 

Thus  by  1855  the  slate  quarry  industry,  .stimulated  by  AVelshmen 
who  were  instrumeutal  in  persuading  ex]mrieneed  slaters  from  AA'^ales 
to  emigrate  to  this  country,  was  already  thriving  and  growing  liy  leaps 
and  bounds.  Indeed  in  1850  or  thereabouts,  Rogers,  then  State  Geol- 
ogist of  Pennsylvania,  and  his  associates  found  five  (|uarries  in  oper- 
ation at  Slatington  and  two  more  near  the  Delaware  AVater  Gap-,  one 
of  the  latter  a]q)arently  being  the  Old  Jersey  (|uari-y,  east  of  Delaware 
River.  Rogers  even  writes  of  one  quai-ry  as  having  been  opened  in 
1812,  but  this  statement  is  probably  incorrect. 

The  fir.st  school  slate  factory  in  the  district  was  .started  l)y  James  and 
Roberts  in  1847  on  Factory  Street  in  Slatington,  which  thus  became 
the  center  of  school  slate  ]iroduction  in  the  United  States.  Five  years 
later  Idackboard  making  also  began,  certainly  at  Slatington  and  prob- 
ably at  Bangor  as  well.  Sales  of  roofing  slate,  however,  formed  the 
backboiie  of  the  industry. 

By  1880,  when  Sanders  studied  the  district  for  the  Pennsylvania 
Geological  Survey,  slate  (piarrying  was  in  full  swing  at  all  the  present 
centers  of  i)roduction.  Indeed  in  many  cases  Sanders  reports  large 
(luarries  that  had  been  worked  out  and  abandoned. 

In  its  ;subse(pient  growth  the  district  has  suffered  the  depressions  and 
revivals  experienced  by  the  slate  industry  of  the  country  as  a whole. 
The  introduction  of  channelling  represented  a marked  advance  and 
served  as  a stimulus;  in  1863  it  was  first  practiced  in  VermonU  and 
])robably  reached  Pennsylvania  a decade  later.  The  appearance,  how- 
ei’er,  of  asbestos,  pay)er  and  tar  roofing  materials  shortly  before  the 
|)eak  production  in  1003,  heralded  a general  decline  in  demand  for 
roofing  slate.  At  the  same  time,  school  slate  consumption  suffered 
greatly  through  dis])lacement  by  cheap  paper  aud  at  the  hands  of 
the  sanitary  exjmrts  of  our  public  schools.  This  was  accompanied  by  an 
intense  i)rice  comjietition  among  the  slate  men  themselves. 

There  ensued,  then,  a i)eriod  of  marked  distress  in  the  industry. 
I.abor  costs  had  risen.  Some  of  the  old  markets  for  slate  products  were 
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on  the  AVfUie  with  no  possitiility  of  any  i'eL-u])era1  ion  in  tiie  fntnre; 
others  were  heiny  invailed  by  substitute  niatei'ial.s.  Ficiyhl  rates  were 
])roliii)itiA'e  for  tlistanee  .shi])nients.  Added  to  this,  eost  aeeo\uitiny  was 
not  I'eeoji'nized  as  furnishing’  a liasis  for  projau’  sales  prices;  expenses 
were  incurred  in  (piarry  operations,  while  i)rices  were  l)eing  cut  in  a 
manner  wholly  unjustified  by  the  small  I'eturn  on  the  investment.  Then 
came  the  greatest  of  all  catastrophies  to  the  indnsiry,  the  World  Waia 
With  the  entry  of  the  United  States,  slate  quarrying  was  almost 
totally  abandoned,  being  classed  as  unessential;  labor  was  beyond 
reacb.  Immediately  after  onr  entry  into  the  war  the  (/rganization  of 
the  slate  industry,  so  long  ])rojeeted  and  so  long  i)reYented  b\  intei’iial 
strife,  took  ])lace  to  a considerable  degree,  and  two  large  companies, 
were  formed,  one  to  deal  with  structural  jn-oducts,  the  otluu-  with 
rooting  .slate. 

Slate  production  in  the  Lehigh-Xorthampton  district  is  ap])areidly 
again  able  to  antici]iate  better  days,  (lenei'al  slate  production  in 
has  risen  over  that  of  any  year  since  1917.  Several  quaiu'ies,  hitheido 
abandoned,  are  being  I'eopened.  Although  thei’e  was  general  industi'ial 
decline  in  19:21,  slate  sntfered  less  than  other  commodities  and  rooting 
slate  produced  in  19128  experienced  a sales  increase  over  all  ])revions 
years.  Electrical  slate  has  become  an  important  factor  in  the  develop- 
ment of  the  industry.  Tile  tendency  to  standardize  sjiecilications  is 
noticeable  now.  All  in  all,  des|)ite  the  severe  general  depression  of  19;!()- 
:12,  in  which  the  slate  industry  has  suffered  as  much  as  others,  it  se(*ms 
as  though  slate  were  grad.ually  regaining  the  relative  industrial 
strength  it  possessed  iirevions  to  the  last  war  and  in  this  the  Lehigh- 
Xmrthampton  slate  district,  the  leading  one  in  the  counti-y,  should  be 
the  chief  beneficiary. 


THE  PEACH  BOTTOM  DISTRICT  IN  PENNSYLVANIA 
KARMEH  GEOLOtilC  STI  DIES 

As  early  as  ISoS  Rogers  studied  the  slate  belt  in  Lancaster  and  York 
counties  and  di.scussed  its  slate  ]U’oduction.'  Snlisiaiuently  the  geologic 
features  wei'e  described  in  far  greater  detail  in  the  reports  of  the 
Second  Pennsylvania  .Survey-.  Several  shorter  and  later  articles,  which 
need  not  be  mentioned  here,  have  dealt  with  the  areal  geology,  peti'ol- 
ogy,  and  i)hysiograi)hy  of  the  region.  Very  recently  a thoi’ongh  study 
of  ])arts  of  York  and  Lanca.ster  counties  has  been  cari’ied  out  by 
Knopf  and  donas’'  and  much  of  what  is  said  about  tbe  general  geology 
in  the  following  description  is  taluui  from  this  source  ; the  writer  wishes 
especially  to  acknowledge  his  indebtedness  to  the  two  authoi’s  just  men- 
tioned. 

There  are  several  published  desci’iptions  of  the  Ihaich  Lottom  slate 
dejaisits,  of  which  the  more  inqiortant.  in  addition  to  the  re])oi’ts  of 
Pennsylvaida  Geological  Survey  already  refei’red  to.  ai’e  mentioned 

^ Hog-prs,  II.  T).,  (-Joology  of  Poniisylvaiiia , vol.  I.  p.  1>S,  IS.'iS. 

- Fraz<*r,  Persifor,  -Ir..  Hopf)rt  of  progress  in  the  tlistrict  of  York  ami  Adtniis  Oonnties: 
Pa.  Spc'Oml  (-iool.  Siirvpy,  Kejit.  C,  esp.  pp.  77-14;J,  l>'7ti.  Frazer,  Persifor,  Jr.,  'Flic  geology 
of  Lancaster  County:  Pa.  Seetiiid  Geol.  Survey,  l^ept . CC'C. 

Kno]tf,  F.  IL , ami  Jona<,  A.  I.,  (leology  of  the  -Me(’alis  Fci  |•y-(^ua  rry  ville  di'triet. 
Pennsylvania:  U.  S.  Geol.  Survey  Pull,  7i)!i,  Pbjp. 
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hclow.'  Ill  these  it  has  been  tlie  eeiiinion  jiraetice  not  to  ilistinguish 
between  the  Pennsylvania  and  iMaryJand  parts  of  the  district. 

lA)t  ATION  AM)  COMMERCIAL  SETTING 

Local  10)1  0)1(1  erfenf.  The  Peach  Bottom  slate  district  lies  in  Mary- 
iaiul  and  Pennsylvania,  hnt  only  the  Pennsylvania  part  is  considered 
in  what  fol low's,  its  north  end  is  near  Pairmount,  Lanea.ster  County, 
in  the  southeastern  part  of  the  State.  Thence  it  extends  soutlnvest  in 
a long',  narrow  lielt,  crossing  Sus(|uehanna  Kiver  at  Peach  Bottom, 
passing  through  Delta,  York  County,  Pennsylvania,  and  entering  Mary- 
land at  Cardiff  in  Harford  County,  just  south  of  the  State  line.  The 
total  length  is  almut  13  miles,  and  tlie  Avidth  in  a northwest  direction 
nowhere  exceeds  half  a mile. 

This  area  lies  Avithin  three  quadrangles  of  the  Topographic  Atlas  of 
the  United  States,  the  t^uarryville  and  McCalls  Perry,  in  Pennsylvania, 
and  the  Belair  (piadrangle,  AA'hieh  is  mostly  in  IMaryland  hut  extends 
about  tAvo  miles  into  Pennsylvania  along  its  north  edge.  Parts  of  the 
to])ograi)hie  sheets  of  these  (puulrangles  have  been  used  as  bases  for 
the  map  of  the  slate  district. 

(Hiiex  and  toiois.  The  dominant  industry  iu  the  surrounding 
region  is  agriculture.  Slate  quarrying  Avas  once  of  far  greater  impor- 
tance than  nOAV,  but  is  resjionsible  for  the  groAvth  of  several  of  the 
smaller  toAvns.  Tavo  centers  of  notcAvorthy  size,  Cardiff  and  Delta,  are 
in  the  soutlnvest  end  of  the  belt  here  descrilied;  they  are  H])read  out 
along  the  higliAA'ay  for  a distance  of  tAvo  miles  across  the  Maiyland- 
Penusylvania  line,  Cardiff  lieing  in  Maryland  and  Delta  in  Pennsyl- 
vaida.  In  recent  years  their  joint  jiopulation  has  been  approximately 
Pi.lO.  Xoi'theastAvard,  in  or  very  near  the  outcrop  of  the  slate,  a line 
of  lesser  hamlets  has  grown  u]i.  West  Bangor  and  Slate  Hill  in  York 
County,  and  Peters  Creek,  Greene,  and  Pairmount  in  Lancaster 
County.  Some  tAventy  miles  north  of  the  slate  belt  are  tAvo  large 
cities,  in  part  manufacturing,  in  ])art  distributing  centers.  York  in 
York  Couidy  ( i)oi)ulation  05,25-1  in  1930),  and  Lancaster  in  Lancaster 
('ounty  (])oi)ulation  59,949  in  1930).  The  slate  belt  lies  a])proximatel.y 
00  miles  Avest  of  Philadel|»hia  and  35  miles  north  of  Baltimore,  and 
these  tAA'o  cities  have  been  and,  to  a lesser  extent,  still  are  imiiortant 
slate  markets,  though  all  their  consumption  of  Peacli  Bottom  slate  is 
at  jiresent  derived  from  south  of  the  Maryland  line. 

T)'a))spo)iutio)i  facdiiiefi.  The  IMaryland  & Pennsylvania  Kailroad 
connects  Delta  and  Cardiff  Avith  York  and  Baltimore  and  thus  affords 
au  outlet  for  the  AA'estern  ])art  of  the  district.  East  of  the  Susiiuehanna 
a branch  of  the  Penn.sylvania  Pailroad  offers  shipiiing  facilities  from 
Peters  ('reek  and  Whitaker  in  the  slate  belt  to  Harrisburg,  Philadel- 
phia, and  Daltimore,  via  connections  on  the  same  line. 

Susijuehanna.  PiA'er  floAving  across  the  soutlnvestern  part  of  the  dis- 


1 Hawes,  (i.  AA'.,  and  Others,  Report  on  Ouiirries:  Kith  Census  of  the  U.  S.,  vol.  X. 
part  S,  !ip.  n'2  and  ITS,  18S(1.  Merrill,  (J.  P.,  and  Mathews,  K.  Ji.,  Tlie  building  and 
deeorative  stone.s  of  Maryland:  Md.  (leol.  Survey,  vol.  11,  jiart  II,  jip.  21  .>2:11 , 1898.  Merrill, 
(1.  P.,  Stones  for  building  and  deeoration,  .lohn  Wili'.v  and  Sons,  Xew  A'ork  City,  19111, 
pp.  lS4-18f).  I-’erguson,  K.  G.  W.,  The  Peaeh  ISottoni  slate  deposits,  Pennsylvania:  Mining 
World  (Chieagol,  vol.  jip.  ls:l-lS4,  1910.  Dale,  'I'.  N.,  Slate  ilejiosits  in  the  United  States: 
U.  S.  Geol.  Survey  Hull.  58f>,  ]i|i.  llO-ll.A,  1914. 
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ti'ict,  is  not  used  for  ti'Miisportatiou.  ft  is  crossed  by  a fei'ry  at  Peters 
Creek.  Its  recent  inipoundini>'  by  a power  dam  downstream  lias  I'o- 
sulted  in  tlie  ftooding  of  those  lower  lying  ])arts  tliat  bordei’  on  the 
riA’er. 

PHYSIOGHAPHIP  FEATl  HKS 

Viewed  as  a Avliole,  tlie  region  is  a sub-matui-ely  to  maturely  dissected 
upland,  the  South  Valley  Hills  of  Knoi)f  and  Jonas’^^.  This  is  cut  by  the 
Sus(iuehanna  River  whose  major  tributaries  meander  in  intrenched 
valleys  and  form  a dendritic  or  i-andom  drainage  ])attern.  The  lai'ger 
tiibutaries  of  the  Snscpiehanna — iMuddy  Creek  and  Ifroad  Creek  on  the 
we.st,  Pishing  ('reek  and  Peters  Creek  on  the  east — have  cut  well  below 
the  generally  even  crest-lines  of  the  divides. 

In  detail,  the  greatest  relief  is  at  the  edge  of  Sus(piehanna  River;  in 
the  slate  region  river  level  is  at  lOt)  feet  and  high  points  half  a mile 
from  the  water’s  edge  rise  to  slightly  over  400  feet.  The  lesser  streams 
have  relatively  steep  gradients  and  tiow  in  narrow,  youthful  gorges. 
Away  from  the  riA-er  and  transverse  to  its  course,  the  general  level  of 
the  country  idses  from  the  400-foot  altitude  at  the  rate  of  about  40  feet 
])er  mile  to  fairly  uniform  eleAUitions  of  500  feet  on  the  divides. 

West  of  the  Susquehanna  a ridge  trending  sovdhwest  rises  above  the 
general  upland  leA'el,  its  continuation  into  Maryland  attaining,  tAvo 
miles  soutliAA'est  of  Cardiff,  altitudes  of  as  nuich  as  0(10  feet.  This  is 
the  “slate  ridge”  and  it  marks  the  outcrop  of  the  slate-bearing  form- 
ation and  the  aceom])auying  resistant  quartzite.  Some  of  the  steepest 
bluffs  of  the  river  valley  are  Avhere  it  is  transected  by  the  Susquehanna. 
East  of  the  river  no  such  pronounced  topographie  difference  indicates 
the  areal  distribution  of  the  slate,  although  a line  of  occasional  000-foot 
summits  betAveen  Whitaker  and  llethel  Church  sIioaaas  to  the  observant 
eye  Avhere  it  outcrops. 

The  Hat  .summits  or  gentle  slopes  of  the  upland  divides  as  a Avhole  are 
Avell  adapted  to  farming,  but  the  steeivAvalled  raAUues  are  generally 
thinly  timbered  and  not  under  cultivation.  The  slate  ridge  is  little 
farmed  and  its  crops  are  poor  in  contrast  Avith  the  lush  fields  of  the 
loAver-lying  upland  on  eithei-  side;  this  is  pihmarily  a result  of  the  poor 
soil,  largely  lacking  in  lime. 


GttXEKATi  (iEOLOGY 

SUMMARY 

The  stratigra])hic  se(pience  in  the  general  i-eu'iou  includes,  according 
to  Kno[)f  and  Jonas,-  I'ocks  of  ]ire-Cambrian  age,  Avhich  have  bei'u 
thrust  up  over  Paleozoic  roeks.  The  tlumst  plane  lies  noi'th  of  the 
slate  region,  and  in  the  latter  the  formations  exposed  are  only  three 
in  number,  all  of  Avhich  are  jirobably  pre-Cambriau  ( Algoitkian)  in  age. 
The  sequence  in  the  immediate  A’icinity  of  the  slate  belt  is  therefore  as 
folloAAAS ; 


^ Op.  oit.,  p.  7.  1920. 

- (Jp.  cit..  pp.  1S41,  74-7a,  1020. 
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PLATE  03. 


A.  Gently  rolliii"'  topofi'raphy  north  of  Slate  Hidjie,  develojjed  on 

I’eters  ('I'oek  schist. 


li.  Slat(“  Hid<ie  from  (‘ast  of  the  Susqnelianna ; the  higher  land  mid- 
way in  the  picture  is  underlain  by  slate,  on  both  sides  of  which  is 
lowt'r  topofi'raphy  iimhu'lain  by  schist. 
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Thi(.-kness,  feet 

Peach  Bottom  slate:  Dark  hhie-ji'ray  '^late  ami  slaty 
schist,  \vith  rare  sandy  interbeds  near  base  lOOO 

Cardiff  conglomerate:  Qnartzitic  oi'  faintly  schistose 

conglomerate,  with  occasional  quartzite  beds  dOO 

Peters  Creek  schist:  Chloidtic  and  sericitic  iiuai'tz 
schist  witli  interbedded  ({uartzitic  layei’s 

Tliese  tldcknesses  are  ai)]'»roximate  oidy. 

Tlie  I'ocks  have  lieen  closely  folded.  l)nt  tlie  gemn-a.l  structiire  is  a 
large  syncline  witli  a nortlieast  tremling  axis,  tlie  I’eters  Creek  schist 
being  on  tlie  flanks  and  tin*  I’eacli  Bottom  slate  in  the  middle  and  pre- 
served from  erosion  iiy  infolding.  Along  tlie  nortli  side  a fault  lias  cnt 
out  tlie  Cardiff'  conglomerate  lietween  tlie  two  other  formations.  'Phis 
structure  may  have  lieen  related  to  the  great  thrust  fault  ( “ INIartic 
overthrnst ' ’ ) mentioned  aliove,  wliicli  is  dated  as  later  than  tlie  IMiddle 
Ordovician  and  earlier  than  the  Triassic.  tlie  presnmiition  being  that  it 
was  chiefly  formed  in  late  Permo-Carboniferons  times  and  coincided 
Avith  the  earlier  ]iart  of  the  Appalachian  reA'olntioid.  A part  at  least 
of  the  folding  may  ivell  have  beon  far  earlier,  either  during  or  at  the 
close  of  the  pre-Cambrian  or  in  the  earlier  part  of  the  Paleozoic  era 
( ]iost-Ordovician  or  middle  Devonian). 

The  three  formations  are  cnt  by  dike's  of  diabase  of  Triassic  age.  Tin' 
snliseqnent  record  is  Avholly  physiographic  and  does  not  merit  siimiiiar- 
iziiig.  Glaciation  did  not  extend  this  far  south  and  valley  gravels  are 
not  of  imjiortance  in  tlie  region  ; the  only  cover  aboA’e  bed  rock  is  there- 
fore that  ]irodnced  b.v  weathering. 

STRATIGRAPHY 

Peters  Creek  schist.  Areally  this  formation  bordi'rs  both  sides  of  the 
slate  belt.  Its  t.Aqie  locality  is  along  Peters  ('reek  at  Peach  Pottom.  in 
Lancaster  County.  It  is  descrilied  by  Knopf  and  donas-  as  a “si'ries 
of  chloritic  and  sericitic  ipiartz  schists  interbedded  with  clorite-sericite 
schist  and  grading  toward  the  toil  into  mildly  metamoriihosed  qnartz- 
ose  and  conglomeratic  sediments.” 

The  best  ex]iosures  are  in  road  and  railroad  cuts  north  of  the  slate 
s;\meline.  Here  the  schist  varies  from  gray  to  green  in  color,  but  is 
generally  a dull  olive-gra.v.  These  greenish  tints  contrast  strongly  Avith 
the  dark  bine-gray  or  lilack  of  the  P>each  Bottom  slate.  The  schist  is 
characteristically  banded,  a feature  due  to  the  alternations  of  Avhite 
quartz  and  feldsjiar  rock  Avith  oliA’e-green  chlorite-sericite  bands.  Gen- 
erally such  bands  are  less  than  half  an  inch  thick,  but  locally,  as  near 
the  schoolhonse  half  a mile  south  of  Peach  Bottom,  they  become  much 
Avider,  attaining  2 or  3 inches;  in  such  eases  conglomeratic  facies  are 
common.  The  sehistosity  is  parallel  to  the  banding,  and  the  schistosity 
planes  have  a pronounced  slieen.  due  to  the  chlorite  and  sericite.  i\Iag- 
netite  and  a carbonate  are  prominent  in  thin  sections  examined  by  tin* 
Avriter.  Near  Delta  in  pilace  of  the  schistose  rock  t.A’pical  of  the  Pi'ters 
Creek  formation  a ser^ientine  is  devi'loiied.  Avhich  is  being  <inarricd  as 
“green  marble”  at  Delta. 


1 Knopf,  K.  1^.,  Hinl  Jonus,  A.  1..  op.  cit.,  i>.  71),  li)21>. 
" (Jp.  cit.  p.  oi),  11)21). 
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From  areal  ami  struetiii-al  considerations,  the  Peters  Creek  .schist  is 
inferred  by  Kno])f  and  Jona.s  to  l)e  of  pre-Cambrian  age.  It  passes 
itl)ward  gradationally  into  the  Cardiff  congdomerate. 

Cardiff  conglomerate.  This  formation  surrounds  the  outcro]i  of  the 
Peach  ]:>ottom  slate  in  an  elongate,  canoe-.shaped  pattern,  exeei)t  for  its 
al:)senee  on  the  nortli  side  of  the  .slate  syncline  Avhei-e  it  is  inferred  to 
have  been  cut  out  hy  a fault.  In  general  the  outcrop  does  not  exceed 
KH)  feet  in  Avidth,  except  at  the  east  end  of  the  syncline  north  of 
Fairmoujit.  Like  the  slate  the  formation  is  resistant  to  Aveathering, 
and  this  property  contributes  to  the  topographic  elevation  of  the  slate 
ridge. 

The  Cai-diff  conglomerate  consists  of  massive  alternating  layers  of 
conglomerate  and  cpiartzite.  Locally  the  conglomeratic  layers  are  ab- 
sent or  gi-eatly  reduced,  as  near  the  school  house  one  (piarter  of  a mile 
east  of  Whiteford,  ]\[arylaml.  The  formation  Avhere  fi-e.sh  is  light  gray, 
marked  Avith  the  Avhite  blotches  of  (piartz  pebbles,  often  as  much  as  an 
inch  in  diameter.  These  generally  .shoAV  elongation  and  flattening  par- 
allel to  the  schistosity.  Occasional  ])rimary  grains  of  all)ite  are  re- 
])orted  by  KnojAf  and  Jonas’,  and  suggest  that  the  conglomerate  Avas 
(leriATd  from  a feldspathic  igneous  rock.  The  larger  pebbles  shoAv 
strain  sluuhjAvs  and  are  Avell  mortised,  which  indicates  secondary  groAvth. 
The  matrix  consists  of  sericite  and  rarer  chlorite  tlakes,  generally 
disposed  iiarallel  to  the  bedding,  as  Avell  as  much  fine-grained  (piartz, 
originally  sand.  The  rock  ])0sse.s.ses  ])oor  cleavage  parallel  to  the  bed- 
ding plane.s,  Avhich  are  lustrous  AA’ith  sericite.  In  places,  as  in  the  stone 
(piarry  one  mile  southeast  of  Cardiff,  the  conglomerate  sIioavs  fissilitAg 
in  the  form  of  closely  siiaced  fraetnres  cutting  directly  across  the 
(piai'tz  iiehbles  and  meeting  the  bedding  aiijiroximately  at  right  angles. 

The  thickness  of  the  formation  is  not  glATii  by  Knopf  and  Jonas.  As 
(‘X])Osed  on  the  south  limb  of  the  syucliue  on  the  tAvo  banks  of  Susque- 
hanna RiATr,  it  is  e.stimated  by  the  Avriter  at  ‘200  feet. 

IqiAvard  the  Cardiff  conglomerate  grades  into  the  Peach  Lotton  slate. 

There  is  some  doubt  at  to  the  age  of  the  Cardiff  conglomerate  and 
the  overlying  slates.  The  alternative  iiossibilities  are  Ordovician  and 
Algonkian.  Knopf  and  Jonas  regard  both  formations  as  Algonkian. 

Peach  Bottom  state.  This  formation  is  almost  uniformly  a dark 
gray  or  blue-black  slate,  verging  on  schist.  It  ])0.sses.ses  good  cleavage, 
Avhich  hoAveA'er,  is  locally  Avrinkled,  es])ecially  near  its  contact  Avith  the 
underlying  Cardiff  conglomerate  and  at  the  easterly  end  of  its  outcrop 
(see  map).  The  difference  betAveen  the  .slaty  and  schistose  facies  con- 
.sists  chiefly  in  the  Avriulding  of  the  ])laues  of  slaty  cleavage,  often  ac- 
companied hy  the  diwelopment  of  false  cleavage  in  the  schist.  The  cleaA'- 
age  surfaces  have  a high  luster  and  shoAV  no  ti-aces  of  bedding,  the  chief 
irregularities  consisting  of  minute  ])rotuberances  (quartz-rich  areas). 
On  greatly  prolonged  Aveathering  they  assume  first  a dull  olive-gray 
and  later  a reddi.sh  hroAvn  hue. 

The  loAver  layers  of  Peach  Bottom  slate  beai-  quartzitic  interbeds, 
rarely  more  than  half  an  inch  thick.  These  are  Avell  seen  in  several  old 
(piarries  on  the  Jones  estate  half  a mile  south  of  the  tOAvn  of  Delta  and 


1 op.  cit.  p.  38,  1929. 
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again  on  the  nortli  limb  of  tlie  .syiu'line  in  the  railroad  cut  along  the 
east  bank  of  the  Susquehanna. 

Microscopically  the  Peach  Mottom  slate  may  he  brietlly  described  as 
a fine-grained  slate  consisting  of  Hakes  of  muscovite  and  elongated 
grains  of  quartz,  vith  some  chlorite.  Graphite  and  conspicnous  au- 
dalusite  cry.stals  are  also  imi)ortant  constituents.  A more  detailed  des- 
cription of  the  mineralogic  composition  of  the  slates  is  given  beyond. 

The  total  thickness  of  the  formation  has  been  estimated  at  lOdO 
feeP. 

At  one  time,  on  the  basis  of  obscure  markings  thought  to  be  grapto- 
lites  or  algae,  the  formation  vas  referred  to  the  ('Irdovician-.  Its  con- 
formability  and  grailational  contact  vitli  the  Cardiff  conglomerate,  as 
well  as  the  doubtful  character  of  the  supposed  fossils  and  especially 
the  larger  areal  and  structural  relations,  have  induced  Knopf  and 
donas  to  regard  it  as  of  Algonkian  age.'’ 

AVhere  the  slate  has  Ijeen  somewhat  more  tightly  folded,  ])ossibly  in  a 
period  subsequent  to  the  development  of  the  cleavage,  it  approximates 
a schist,  rather  than  a slate.  Kno])f  and  Jonas  have  very  ])roperly 
mapped  these  tAvo  facies,  so  nearly  alike,  as  one  formation,  but  for  the 
economic  purposes  of  this  report  an  attempt,  only  partially  successful, 
was  madd  to  outline  the  schistose  areas. 

STRUCTURE 

General  structure.  The  Peach  Pottom  slate,  as  interpreted  by  Knopf 
and  Jonas,  is  preserved  in  a syncline  (“Peach  Bottom  syncline"), 
with  closely  a])pressed  limbs,  broken  on  both  sides  of  Susquehanna 
RiA’er  by  a fault  which  throAvs  the  north  side  up  and  thus  cuts  out  the 
underlying  Cardiff  conglomerate.  In  the  region  here  discussed,  the 
CA’idence  for  synclinal  structure  is  supported  by  the  section  iiartially 
ex])osed  along  the  Avest  bank  of  Snsquehanna  River.  Avhere  the  slate 
ridge  is  crossed  liy  the  stream.  This  and  the  outcrops  across  the  iuati’ 
furnish  the  tAvo  best  sections  of  the  structure  as  a Avhole.  The  section 
on  the  Avest  bank  of  the  Susquehanna  is  not  continuously  exposetl  yet 
it  expre.sses  the  regional  structure  in  outline  form.  At  the  south  end 
the  rock  is  a (piartz  schist.  Avith  a dip  of  7U°S..  Avhereasthe  cleavage  dips 
only  55°S.;  this  is  therefore  the  .south  limb  of  a nortliAvard  overturned 
syncline.  At  the  Slate  Point  ipAarry,  Avhich  overlooks  the  riA’er  bluff, 
Ihe  beds  appear  to  dip  8()°S..  and  the  cleavage  dips  in  the  same  ilirec- 
tion  but  at  a loAver  angle.  ApjU’oximately  500  feet  north  of  the  strike- 
continuation  of  the  beds  ,iust  described,  the  bluff'  near  river  level 
shoAA's  beds  Avhich  are  composed  of  alternate  layers  of  slate  (aA’eraging 
b inches  thick)  and  qnartzitic  slate  (1  ’32"  thick).  These  beds  dip 
70°S.,  Avhereas  the  cleavage  stands  vertical;  the  structure  here  is  thus 
evidently  the  north  limb  of  a syncline,  the  axis  of  Avhich  must  pass  be- 
tAA'een  this  outcrop  and  the  Slate  Point  ((iiarry. 

On  the  east  bluff  of  Susquehanna  River  along  the  railroad  the  slate 
shoAvs  close  crumpling.  All  bedding-cleavage  relations  olrserved  in- 
dicate the  south  limb  of  a nortliAvard  overturned  syncline,  but  the  north 
limb  is  not  observed,  though  there  is  a suggestion  of  a fold  axis  near 

1 Knopf,  E.  B.  ami  .Jonas  A 1..  op.  cit.,  p,  .30,  1!)2!>. 

-Frazer,  Persifor,  .Ir.,  Tlie  Peacli  Bottoin  Slates  of  Southeastern  A'ork  ami  southern 
Lancaster  counties:  Am.  In.st.  Win.  Eng..  Trans..  A'ol.  12,  p.  3.AS,  IssJ. 

^ Knopf  anil  .Jonas,  op.  cit.,  table  opp.  p.  OS,  1029. 
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^So  r-t  /'70  Strike  and  dip  of  cleavage. 

Slate  quarries. 

/8  X 75  Strike  and  dip  of  beds. 

Scale 


ST.  Dc'tiiilcd  map  of  west,  jiarf  of  I’eacTi  Uotfoni  disfrict  from 
I*('nns,'v  Ivaiiia  sfato  liiu'  cast  to  Faidk  .loncs  <iiiaiTy.  After  Kiiojif 
and  Jonas,  modilied  by  C.  H.  IJehre. 

the  iioi'tli  end  of  the  .slate  exjiostire  in  the  ent.  Tlie  axial  jilane  of  the 
strnetnre  is  ])fesninal)ly  parallel  to  the  cleavage,  which  strikes  N.r)()°E. 

The  evidence  for  tlie  fault  along  the  north  edge  of  the  slate  belt  i.s 
twofold.  First,  it  is  noted  that  the  (Cardiff  conglomerate,  ordinarily  a 
consjticnons  formation,  does  not  ajiptatr  north  of  the  syncline  for  a 
distance  of  about  nine  miles,  between  a ]mint  a mile  east  of  Delta  and 
another  a litth*  moi'e  than  a mile  east  of  the  Fairmonnt  school.  Yet  the 
conglomerate  is  seen  both  east  and  west  of  the  stretch  of  country  men- 
tioned, along  the  strike  continuation  of  the  line  indicated,  in  its  proper 
position  between  slate  and  schist.  Wbei’e  it  crosses  Snscpiehanna  River 


i’i:a('h  1!()TT(v.m  Disruic'r 


<P'^ 

0 


Sla+e  quarries. 


/' 70  Strike  and  dip  of  cleavage. 

/■IS  Strike  and  dip  of  beds. 
Scale 

J/2  I MILE 


FiHlifc  H.").  Detailed  inap  of  I’eaeli  liottoiii  disti'iet  near  Siisi|iieliamia 

liiver. 


the  i’aiilt  cuts  out  not  only  the  entire  ('anlit'f  eouyloiuerate,  i)ut  ])roh- 
ably  also  a part  of  tlie  Peacli  Itottoiii  slate  as  Avell,  inasuiueh  as  tlie 
north  liiiil)  of  the  Peach  liottoiu  syncliue  with  tlie  heds  dipping  at 
similar  anyies,  has  only  half  the  width  of  the  south  limh.  The  strati- 
graphic disidacemeut  of  the  fault  may  here  he  estimated  to  he  at  least 
4o0  feet  and  is  ])rohahly  more,  inasmuch  as  the  outcrop  of  the  I’eters 
Creek  schist  may  also  have  been  nai-rowed  somewhat  along  the  fault 
])lane.  The  second  jiiece  of  eviilence  is  that  the  cleavage,  as  well  as  the 
few  (_louhtfnlly  determined  fold  axes  between  Delta  and  Slate  Hill, 
clearly  strike  into  the  boundary  between  Peach  Pottom  slate  ami  Peters 
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Creek  scliist  as  it  has  l)eeii  mapped  nortli  of  the  slate  syncline;  they  are 
thus  trnncated  by  tlie  faidt. 

In  the  absence  of  satisfactory  criteria  generally  apjdicable  for  the 
recognition  of  beds,  the  details  of  the  strnctnre  are  very  incompletely 
known.  It  was  only  in  about  ten  vei\v  isolated  localities  that  bedding 
conld  be  recognized  with  certainty  within  the  slate  beds  themselves.  If 
the  “slannts”  (see  imge  47)  be  taken  to  re])resent  the  bedding,  then 
something  more  can  be  arrived  at,  but  even  this  evidence  is  dnbioiis. 
(Much  the  same  can  be  said  of  faulting  in  this  district  and  for  similar 
reasons.  AVhat  follows  in  regard  to  the  details  of  strnctnre  has  there- 
fore little  more  than  a hope  of  correctness;  statement  of  ])robabilities 
seems  justified  oidy  because  nothing  l)etter  can  be  offered. 

Evidence  for  the  major  syncline  of  the  district  has  already 
been  adduced.  Its  a.xial  jdane  i)robal)ly  dips  about  75°S.  and  strikes 
N. 50-55° E.  where  the  structure  crosses  Sns((nehanna  Kiver. 

In  detail,  thanks  to  the  excellent  exiiosnres  ci-eated  by  quarrying, 
Ihere  are  in  the  Avestern  part  of  the  district  indications  of  seATral 
minor  folds.  As  previously  stated,  hoAvever,  these  minoi-  structures 
must  be  accepted  Avith  reservations.  The  ])atterns  sngge.sted  are  essen- 
tially isoclinal;  the  axes  strike  about  N.55°E.,  AAnth  no  A'ery  noticable 
pitch.  At  the  Miles  quarry,  about  4000  feet  Avest  of  the  West  Bangor 
stoi-e  on  the  Ridge  Road,  the  cleavage  strikes  X.55°E.  and  stands  ATrti- 
cal,  Avhei'eas  prominent  “slannts”  (beds?)  strike  X.50°E.  aiid  dip 
80°X".  Yet  al)ont  a thousand  feet  south  oii  the  Hughes  Estate,  is  a 
(piarry  in  Avhich  atuw  thin  sandy  (noAv  quartzitic)  layers  sIioaal  dipping 
65°8.,  AAdiereas  the  cleavage  dii)S  10°  more  steeply  to  the  south.  An 
anticlinal  axis  may  thus  be  inferred  to  lie  betAveen  these  tAVO  oi)enings, 
but  its  exact  ])osition  is  uncertain.  RrobablA'  the  same  axis  is  immedi- 
ately north  of  the  McLaughlin  (pianw,  half  a mile  east  of  the  West 
Bangor  store,  for  in  this  o|iening  “slannts”  dip  steeply  southeast  AAdiile 
the  cleavage  stands  vertical.  Similar  relations  obtain  in  the  R.  L. 
Jones  quarry. 

A series  of  curved  parting  iJanes  strongly  suggesting  bedding  is 
shoAvn  in  the  northeast  Avail  of  the  Faulk  Jones  quarry  and  may  be  in- 
terpreted as  indicating  an  anticline  axis  parallel  to  the  longer  dimen- 
sions of  the  quarry  and  between  its  Avails. 

Excellent  examples  of  small,  close  folds,  almost  isoclinal  in  pattern, 
show  in  the  raih’oad  cut  on  the  east  side  of  Susquehanna  River. 

Faidfinf/.  The  major  fault  of  the  distinct,  that  along  the  north 
bank  of  the  Peach  Bottom  syncline,  has  already  been  described.  Minor 
fault  iilanes  are  all  of  an  indefinite  nature,  yet  there  are  locally  .strong 
suggestions  of  movement.  Thus,  calcite-coated  joint  planes  Avith  striae 
are  frequent.  A slab  from  the  Ilumiihrey  ipiarry  shoAved  tAvo  sets  of 
striae  roughly  noianal  to  each  other.  Small-scale  thrust  faulting  also 
occurs  Avith  the  folding  mentioned  in  the  railroad  cut  on  the  east  bank 
of  Suscpiehanna  River.  But  much  more  prominent  zones  of  iuoat- 
ment  are  also  seen. 

Thus,  in  the  i\lcLaughlin  quarry  a .shattered  zone,  dijiping  steepl.v 
south  and  tA\'o  inclu's  Avide,  is  Avell  exposed  in  the  northeast  Avail.  There 
is  clear  evidence  of  movement  in  this  zone,  one  of  its  Avails  being  lined 
Avith  typical  fault  gouge,  Avhicb  is  separated  from  the  other  wall  by  a 
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M iiinplircy  <|iiai'i'.v,  looking;  cast  aloiifi'  strike;  |{.  K.  |j.  Jones  (iiiarry,  looking-  in)rtlieas(  aloiif; 

not<’^  vertical  (li|>  of  eleavaf’c.  strike^;  the  |>laiic‘s  <lip[)iii^'  steeply  to  left  ar<‘ 

“slaiiiits”  (Ixshliiift?)  ; the  vertical  planes  are 

eleavat’e. 
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LMfiiirc  «<).  Sketch  of  soutlnvcst  wall  of  the  3IcJja«i}>hlin  (iiiarry,  to 
show  relations  between  heddinj^  (?),  cleavage,  fault,  and  the 
closely-spaced  Joints  related  to  the  fault;  see  also  text. 

crevice  an  inch  wide.  On  botli  sides  of  tlie  zone  of  movement  there  are 
small  joints  that  dip  more  steeiily.  This  plane  is  neitlier  strictly 
|)arallcl  to  the  “slannts”  ( bedding'?)  nor  to  cleavage. 

In  the  Oorsnch  oiten  ent  on  the  east  bank  of  the  8ns(|uehanna,  near 
the  middle  of  the  nortlieast  wall  a lieavily  shattered,  qnartz-veined  zone 
strikes  and  di]is  rongldy  parallel  to  the  cleavage.  Strnctnrally  it  re- 
scndileis  some  of  the  slijrs  parallel  to  cleavage  which  are  known  in  the 
“hard”  slat(‘  of  Xorthamjiton  County  and  have  been  described  on  page 
1(19. 

CledVdcje.  The  cleavage  of  the  Peach  llottom  district  is  remarkably 
regular;  it  shows  but  little  curvature  and  the  strike  varie.s  only  slight- 
ly from  northeast.  The  average  of  accurate  readings  in  110  quarries 
gives  a strike  of  44° IT,  with  variations  from  N.28°  to  55°E.;  average 
dip  is  88°S.,  and  dip  readings  fluctuate  between  80°X.  and  b5°S.  In  a 
general  way  it  may  be  saifl  that  cleavage  swings  more  northerly  as  the 
ea.st  end  of  the  district  is  approached. 

Close  folding  of  cleavage  is  seen  in  association  with  shear  zones  (see 
page  1172).  Large-scale,  very  gentle  curvature  is  not  general,  Init  locally 
it  is  observed,  as  in  the  Oorsnch  o])en  cut,  east  of  Snsrpiehanna  River; 
here  the  cleavage  at  the  surface  dips  70°S.,  lint  curves  gently  so  as  to 
dip  S()°N.  85  feet  lower  down. 

In  places  the  cleavage  surfaces  are  roughened  by  tnbercle-like  eleva- 
tions a millimeter  or  less  in  diameter.  E.xanqfles  are  seen  at  the  Shank 
(piarry.  iMicroscopic  study  shows  that  they  consist  of  lenticular  aggre- 
gates of  (piartz,  chlorite,  and  sei'icite,  of  which  the  ipiartz  seems  to  be 
the  latest  in  origin. 

FdJsr  (‘l('av(t(/e.  Ealsc  cleavage  shows  consjncnofrsly  in  much  of  the 
district.  As  u.snal  it  is  gmierally  associated  with  cleavage  curvature, 
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or  V’ith  closely  siniced  and  frequently  minute  Avrinkling'.  This  latter  is 
a fealure  e.sjtecially  well-developed  in  the  I’each  Bottom  slate  along  its 
eastern  edge,  as  though  resulting  from  drag  by  the  underlying  quartz- 
ite in  folding  which  was  later  than  the  cleavage.  Under  the  microscope, 
however,  sti-angely  enough,  the  planes  of  false  clea^mge  are  most  pro- 
nounced on  .sections  at  right  angles  to  the  grain.  The  inference  would 
thus  .seem  to  be  justified  that  false  cleavage  in  the  Peach  Bottom  dis- 
trict is  tine  to  .stresses  ti'ansverse  to  the  cleavage  strike,  probably  large- 
ly the  .same  as  ]U'oduce  ])itch  in  folds.  In  the  absence  of  noteworthy 
])itch  in  the  district,  this  explanation  is  highly  unsatisfactory,  yet  it 
seems  to  be  the  best  at  pre.sent  available  in  view  of  limited  knowledge. 

(Ucdi'dge  shear  zones.  This  feature  is  lacking  in  the  district,  so  far 
as  observed,  but  cleavage  that  has  l)een  thrown  into  fold.s  .shows  in 
several  places  in  the  Peach  Bottom  formation,  notably  along  the  south- 
ei'ii  edge  of  the  belt,  near  its  contact  with  the  Cardiff  conglomerate. 
Uxamples  are  seen  on  the  road  about  half  a mile  southeast  of  the  church 
at  Greene  and  again  in  the  southerly  end  of  the  railroad  cut  north  of 
l*eaeh  Bottom  Station  on  the  ea.st  bank  of  the  Su.squehanna.  Near 
joints,  too,  there  has  been  local  shearing  of  the  cleavage,  as  at  the  Bon- 
sell  quari-y,  a short  distance  ea.st  of  the  Gonsuch  open  cut  on  the 
Pennsylvania  Kailroad. 

(Irani.  In  the  Peach  Bottom  district,  as  eisewhere,  the  grain  trend.s 
about  N.4r)°W.,  or  approxiioately  at  right  angles  to  the  cleavage.  The 
ii'regular  gi'ain  ])lanes  stand  generally  nearly  vertical,  but  are  ill  de- 
fined, as  is  u.sually  the  ca.se. 

i\Iicroscoi)ic  studies  show  that  in  thin  sections  of  Peach  Bottom 
slates  cut  j)a)-allel  to  the  cleavage  the  grain  direction  is  indicated  by 
an  elongation  of  mica  and  chlorite  ffake.s.  This  feature  is  especially 
well  shown  with  the  aid  of  the  gypsum  ])late,  reniemberiug  that  with 
Ihe  mica  ffake.s  in  the  cleavage  plane  the  dimen.sional  elongation  of  the 
])ai'ticles  is  parallel  to  100,  and  that  b = optical  gamma.  Generally 
Ihe  elongation  of  chloidte  with  i'es])ect  to  its  optic  axes  is  apparently 
similai-  to  that  of  the  mica  in  sections  in  the  .slaty  cleavage  plane.  Even 
magnetite  and  gra])hite  masse.s  tend  to  .show  elongation  parallel  to  the 
gi'ain.  As  u.sual  in  sections  at  right  angles  to  both  cleavage  and  grain 
the  chlorite  and  mica  crystals  are  shorter  than  in  sections  in  the  grain 
jilane. 

.Jointing,  in  the  di.strict  a.s  a Avhole,  northwest  striking  joints  pre- 
dominate (see  Eigure.s  87,  88).  However,  northeast  joints  are  also 
ju'esent,  though  iu  subordinate  numbers.  There  is  a conspicuous  lack 
of  joints,  other  fhan  the  “.slaunt.s”  (bedding  plane  partings?)  already 
referred  to,  that  strike  parallel  with  the  strike  of  beds  or  cleavage. 

The  dips  of  joints  are  most  commonly  vertical  or  nearly  so.  An  ex- 
ample  of  di|)  systems  is  given  in  Figure  89,  which  represents  graphical- 
ly and  in  .somewhat  generalized  fashion  the  joints  measured  in  a .single 
large  opening.  Two  systems  are  .seen,  traces  of  both  of  Avhich  persist 
over  the  entire  region,  although  the  stee|ier  dips  are  the  more  promin- 
ent, as  a rule. 

In  most  (piarries  there  are  also  ])resent  one  or  more  (for  example, 
three  in  the  ITnmjffirey  quarry)  fairly  flat  shattered  or  jointed  zones 
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al  which  other  joint.s  generally  stop, — whether  tlu'OTigh  offset  or  he- 
canse  they  do  not  reai)]>ear  on  the  other  side  of  the  ffat  joint  Ls  nn- 
certain.  These  are  the  “big  ffat”  joints  of  (|iiari'ymen.  The}'  are  not 
nnwarped  {)lanes,  like  most  of  the  other  joints  studied,  but  are  wave- 
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Figure  87.  .Joint  .strikes 
vatlons;  tlistaiiee  from 
25  observations, 


in  all  Peach  Hottoiu  tiiiarries, — 178  obser- 
cenier  of  circle  to  periphery  represents 
and  radii  of  sectoi's  j)roi)ortional. 
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Figure  88.  Joint  sti'ikes  in  Peach  liottoin-Peerless  (jiiarry,  south  of 
Maryland  state  line;  total  of  (52  observations;  distance  from  center 
of  circle  to  periphery  represents  18  observations,  and  radii  of 

sectors  pro|)ortional. 
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like,  rising  gently  here  and  falling  there;  they  form  wide  openings 
locally.  Upon  weathering,  the  rock  turns  a deep  hematite  red  and  the 
joint  space  is  apparently  widened  and  contains  a clay  of  that  hue.  The 
operators  believe  that  the  slate  below  sneh  a joint  is  better  than  above 
it.  This,  if  true,  is  probably  dne  in  part  to  greater  oxidation  above,  for 


Fijiiii'O  Dij)  of  .joints  in  a Peacli  liottoin  quarry. 

the  joint  mnst  serve  as  a waterconrse  and  thus  reduces  free  circulation 
of  air  beneath  it.  It  also  seems  probable,  from  a few  observations  made 
by  the  writer,  that  most  joints  stoj)  against  the  “big  flat”  joints,  and 
hence  that  the  slate  below  the  “big  Hat”  joints  is  in  eases  freer  of 
fractnre  than  that  above  it. 

GEOLOGIC  HISTORY 

As  fai-  as  the  local  record  goes,  the  geologic  history  can  be  summar- 
ized very  briefly^.  In  Algonkian  ti]nes  the  sea  covered  the  area  and  in 
it  were  deposited  calcareous  muds,  grading  upward  into  quartzites  and 
conglomerates,  and  these  in  turn  giving  way  to  purer,  slightly  siliceous 
muds, — respectively,  the  Peters  Creek  schist,  Cardilf  conglomerate,  and 
Peach  Bottom  slate  of  the  future.  Toward  the  close  of  the  Algonkian 
era  igneous  intrusions  cut  the  rocks  of  this  approximate  time  period, 
not  in  the  immediate  region  here  described,  but  near  by.  This  intrusion 
was  accompanied  by  folding,  which  metamorphosed  all  three  forma- 
tions of  the  Peach  Bottom  district  to  at  least  a moderate  degree. 

Subsecpiently  the  region  was  ])robably  covered  by  Paleozoic  sedi- 
ments. These;  were,  in  turn,  folded  and  moderately  metamorphosed  at 
least  once  at  the  close  of  the  Paleozic  era,  and  perhajis  earlier  in  the 
Paleozoic  as  well.  If  the  interpretation  of  Bli.ss  and  Jonas  is  correct 
the  Paleozoic  rocks  now  undei’Iie  tbe  Algonkian  through  faulting  which 
took  ]dace  at  one  of  these  periods  of  compre.ssion.  The  Algonkian  rocks 
of  tlie  Peach  Bottom  district  have  therefore  suffered  compression  and 
metamorphism  at  two  (or  more)  times.  It  is  thus  uncertain  Avhat  pro- 
portion of  the  folding,  faulting,  and  metamorphism  now  recorded  in 
these  older  rocks  is  to  be  assigned  to  eacli  period  of  com])ression.  Since 
Paleozoic  times,  the  history  of  the  region  has  been  wholly  one  of  erosion, 
with  the  exception  of  the  intrusion  of  dikes  of  basic  igneous  rocks  in 
the  Triassie  p(*riod. 


'Knopf  and  .Toiiaf,  oii.  cit.,  pp.  Sl-90, 
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CHEMICAL  COMPOSITION 

IJelow  are  given  five  analyses  of  Peach  Bottom  slate.  It  is  l)elieved 
that  the  slate  from  the  Peerless  (jiiarry,  whieli  is  in  the  iMaryland  part 
of  the  district,  is  I'epresentative  of  the  Pennsylvania  Peach  Bottom 
slate  as  well.  Analysis  o,  to  judge  by  its  abnormally  high  alnmina  and 
low  silica  contents,  is  probably  not  truly  i'epresentative  of  the  district 
as  a whole.  Figures  represent  per  cent  of  total. 
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n.cl. — Not  determined. 

1 Slate  from  Humphrey  ciuarry,  near  Delta:  Pa.  Second  (leol.  Survey  Kept.  t’C'i:;, 

p.  270,  1880.  A.  S.  VIcCreath,  analy.st. 

2 Slate  from  York  County,  Quarry  not  given:  U.  S.  Geol.  Survey  20th  Ann.  Kept., 

Part  VI,  cont.,  p.  390.  1899.  Booth.  Garrett  and  Blair,  analy.st.s. 

3.  Slate  from  Lanca.ster  Co.,  Pa.:  Merrill,  G.  P.,  Rocks,  rock  weathering  and  soils. 

McMillan  Co.,  New  York,  190fi.  p.  119. 

4.  Slate  from  the  John  W.  Jones  (Peerless)  quarry,  Harford  Co.,  Maryland.  L.  I... 

Lancaster,  analyst. 

5 Slate  from  the  John  tV.  Jones  (Peerless)  (inarry.  Harford  County.  Md.:  ild. 

Geol.  Survey,  vol.  II,  p,  226,  1898.  G.  P.  Merrill,  analyst  (See  also  Merrill, 

G I'  Rocks,  rock-weathering,  and  soils,  ilcMillan  Co..  New  York,  1906.  P- 
119).  The  unusually  low  silica  and  high  alumina  cast  doubt  on  these  ligures. 


In  general  these  slates  are  liigher  in  silica  than  the  slates  of  the 
other  Pennsidvcinia  districts  (see  jiage  174).  '1  hey  also  eonlaiii  nolic- 

ably  more  iron  oxide,  but  are  lower  in  lime  and  magnesia,  and,  in  those 
cases  where  it  is  reported,  in  [lyrite.  The  far  smaller  loss  in  ignition 
siig’gests  also  a smaller  content  in  carbonates  and  water.  (Microscop- 
ically this  last  conclusion  is  well  supported  by  the  almost  total  absence 
of  visible  carbonate  particles  and  tlie  generally  more  compact  texture. 
Avhich  favors  the  exclusion  of  interstitial  or  absorlied  water. 


MINERALOGICAL  COMPOSITION 

(Many  thin  sections  of  the  commei'ical  slates  of  the  Beach  Bottom 
district  Avere  examined  microscopically.  With  medium  iiower  they 
show  a uniform  and  timdy  granular  sericite-iiiiartz  rock,  with  good 
orientation  on  the  iiart  of  the  mineral  eonstitnents.  Tin*  groniid  mass 
is  dominantly  mnscovite  (sericite),  with  lesser  (piantities  of  (piartz, 
andalusite  and  graphite,  and  much  smaller  amounts  of  chloi'ite,  pyrite 
(very  prominent  in  some  sections),  magnetite,  rutile  and  zircon.  Far- 
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l)()iiaTes  are  aliseiit.  Touriiialiiie,  tliougli  mentioned  by  l)ale\  was  not 
seen  by  the  writer.  Sections  in  tlie  p-ane  of  the  cleavage  are  dark, 
due  to  graphite,  and  show  a ineshwork  of  flakes  and  thin  stringers  of 
serieite  more  or  le.ss  oriented  witli  the  long  axes  parallel.  The  orenta- 
tion  is  roughly  estimatetl  at  from  75  to  90  per  cent  jmrfect  for  90°  sec- 
toi’.s : that  is,  out  of  any  100  individual  Hakes  between  75  and  90  have 
their  longest  dimensions  varying  not  more  than  15°  from  a direction  of 
maximum  ])aral]e]isni.  (Iceasional  lenses  of  ((uartz  and  serieite  form  a 
clearer  matrix  here  and  there,  in  the  appi'oxiniate  center  of  which  there 
are  commonly  to  be  found  either  lathdike  crystals  of  andalnsite  that  do 
]iot  exhibit  linear  parallelism  or  areas  of  (piartz  withont  noteworthy 
strain  siiadows  and  evidently  secondary  in  origin.  The  quartz  lenses 
withont  andalnsite  are  esi)eeially  ])rominent  in  those  specimens  that 
show  tubercle-like  projections  on  the  cleavage  surfaces  (see  under 
Cleavage,  page  870).  Slate  described  by  the  quarrymen  as  conspicu- 
ously hard  bears  more  quartz  grains  than  the  softer  slate,  as  might 
be  exi)ected. 

Sections  at  right  angles  to  the  cleavage  plane  show  excellent  orienta- 
tion of  mica  Hakes  and  i)ronounced  elongation  of  (piartz,  these  being  the 
two  ]n'incipal  minerals  that  determine  the  cleavage  planes.  Lenses  ivitli 
serieite,  quartz,  and  andalnsite  crystals  are  again  conunon  and  possess 
marked  dimensional  elongation  in  the  direction  of  the  cleavage.  In 
such  lenses  the  andalnsite  crystals  are  commonly  accompanied  by  Hakes 
of  serieite  which  have  their  longer  dimensions  parallel  or  snb-parallel 
to  those  of  the  andalnsite  individuals.  In  sections  at  right  angles  to 
cleavage  there  is  little  difference  in  a])pearance,  ivhether  cut  parallel 
or  at  right  angles  to  the  grain  i)lan(‘;  the  latter  mor('  commoidy  shoAV 
deformation  by  develoi)ment  of  false  cleavage,  and  this  is  the  chief  dis- 
tinction. In  the  tiny  false  cleavage  folds  the  mica  Hakes  are  bent  and 
defoi'ined.  In  ])laces  the  entire  sigmoid  Hexnre  of  mica  along-  a false 
cleavage  ])lane  is  crossed  by  a single,  nndefornied  andalnsite  crystal, 
the  individual  mica  Hakes  actually  being  pushed  apart  by  the  anda- 
lusite,  which  is  thus  clearly  shown  to  l)e  later  in  develoinnent  than  the 
false  cleavage. 


DETAILED  DESCRIPTION  OF  MINERALS. 

Serieite  or  ■'<(‘eoii<l<iri/  in  iiseorife.  ( >1'  two  typp.s  : 

I.  TTloiifinf cd  iiarall('l  to  the  oleavase.  Show.s  faint  yellowish  iileoehroism.  In 
sections  cut  al  I'isht  anf;Tes  to  cleavage  shows  as  loiif;',  almost  hair-like  strands.  The 
ratio  of  Iciiiilh  to  lir(‘adih  in  these  strands  averages  12:1;  they  ta])er  from  a widest 
liarl,  ronfi'lily  near  (he  middle.  In  sections  in  the  i>laue  of  the  edeavage.  they  are 
elongated  parallel  to  100.  the  ratio  between  length  and  w-idth  gi\'ing  a smaller 
figure  than  that  fpioted  above. 

•2.  In  lenses,  will)  filx'rs  geneiailly  inciim'd  to  the  cleavag)',  jirohahly  in  the  nature 
of  crystallohlasts.  as  no  detinite  oidentation  is  observed.  These  fibers  are  generally 
shorter  tlnui  the  oilier  tyjK',  and  bi'oader,  witli  ends  shai'iily  truncated.  Dimensions 
of  individual  tlakes  in  sncdi  cases  average  about  .0(1  mm.  by  .012  mm.  Commonly  such 
serieite  forms  with  elongation  parallel  to  (hat  of  the  andalnsite,  as  de.scribed  aliove. 

Qiinriz.  Of  three  tyiies  : 

1.  (i rains  showing  as  elongated  bmses  in  sections  in  the  plane  of  the  grain  but 
will)  much  less  elongiilion  in  sections  at  rigid  angles  to  (deavage  and  grain.  In  tbe 
former,  tbe  dimensions  vary,  but  larger  lenses  measure  up  to  .1  by  .2  mm.  Tliese 
individmils  e.xhibit  very  fim*  feathering  out  at  their  ends,  few  strain  shadows,  and 
]ierfi»ct  or  nearly  iierfect  viarallelisni  in  orient;ition.  Their  direedion  of  elongation  is 
at  right  an,gles  to  crystallographic  C.  (Trener’s  law)  hence  under  the  micro.scope 
thev  can  be  rmidily  recognized  with  the  aid  of  the  gypsum  (date.  The  evidence  sug- 


' Diilc,  'I'.  X,,  Sliito  in  the  I'liiteii  States:  V.  S.  Ueril.  Survey  Hull.  580,  p,  114,  1014. 
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PhotomicrogTaphs  of  Peach  Hottoni  slate.  A.  Section  transverse 
to  cleavage,  John  Humphrey  <iuarry;  cleavage  ainl  general  elongation 
from  left  to  right;  aiulalusite  porjJiyrohlasts,  surrounded  by  “segre- 
gation zones,”  with  elongation  across  cleavage;  x 10  diams.;  Jl.  Sec- 
tion transverse  to  cleavage,  John  Humphrey  quarry;  andalusite  por- 
phyroblasts  in  sericitic  ground  mass;  note  the  clear  “segregation 
zone”  surrounding  the  andalusite  individual,  the  cleavage  flakes 
curving  around  the  latter;  x 140  diams.;  C.  Section  at  right  angles 
to  cleavage  and  grain,  k’niilk  Jones  quarry;  irregular  texture  pro- 
duced by  extreme  <levelopment  of  false  cleavage;  x 2,5  <liams. ; 1). 

Section  in  i)lane  of  cleavage.  Shank  quarry;  central,  clear  area  of 
quartz  (Q),  containing  a large,  sub-reetangular  rutile  aggregate  (R), 
and  surrounded  hy  faintly  cloudy  basal  sections  of  sericite  (S);  these 
minerals  form  a “knot”  in  the  section;  x i;i0  diams. 


Rests  that  they  arc  lai-Rcly  or  wholly  secondary,  d(‘siiitc  tin'  lenticular  form  siiRRcst- 
iiiR  priinary  (|uart/.  grains  tiattened  hy  recrystallization.  In  some  sandy  phases 
(piartz  of  this  type  attains  large  siz<*s  and  hears  inclusions  of  serieito  and  andalusite; 
such  (piartz  areas  show  strain  shadows. 

2.  Small,  rounded  grains,  rarely  seen  except  in  the  sandy  layers.  They  frequent- 
ly show  strain  shadows.  Tlu'se  are  interpri'ted  as  lu'imary  (piartz  grains.  At  their 
edges  pro.iections  suggest  secondary  growth  around  tlu'  nucleus,  similar  to  that  com- 
monly oh.servial  in  quartzites. 

3.  Thin,  rihhon-like  or  irregular  area.s,  ending  in  fringes  which  project  between 
the  sericite  strands;  th(*se  surround  the  andalusite  individuals  and  seem  to  represent 
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secondary  segregations  arising  through  alteration  from  sericite  (in  which  the  ratio 
of  alumina  to  silica  is  1:2)  to  andalusite  (alumina  : silica  as  1:1). 

Aiidalunite.  This  mineral  appears  in  columnar  crystals,  which  are  unoriented  with 
respect  to  the  cleavage.  In  si^e  individuals  average  about  .08  by  .02  mm.,  but  are 
hignly  variable.  Tliey  are  full  of  inclusions,  so  that  in  places  they  are  virtually 
opaque ; as  already  noted  by  DaleS  these  are  in  part  arranged  diagonal  to  the  long 
axis  ot  the  aiiuatusue  cryscal.  .vn  L-.vamuiaaon  or  numerous  tnin  sections  has  con- 
vinced the  writer  iliat  sucli  diagonal  arrangement  of  iminirities  is  due  to  resorption 
of  the  material  of  sericite  strands,  for  the  ettect  is  most  pronounced  where  the  strands 
are  cut  by  the  andalusite  (see  Plate  07). 

The  clearer  lenses  that  coinmoniy  surround  the  andalusite  and  bear  sericite  and 
cpiartz  have  already  been  mentioned. 

Graphite.  Occurs  finely  disseminated  throughout  the  slate.  Individual  grains 
aie  very  small,  uui  tile  distribution  is  irregular  and  locany  they  are  massed  into  very 
(lark  patches.  This  irregular  distribution  is  even  visible,  though  rarely,  on  the 
cleavage  surface  of  the  hand  specimen. 

Chlorite.  This  mineral  is  recognized  occasionally  by  its  abnormal  interference 
colors.  In  the  sections  examined  the  pieochroisin  is  very  weak.  The  presence  of 
clilorite  in  larger  quantity  than  visible  is  interred  by  the  writer  because  it  frequent- 
ly shows,  together  with  sericite,  in  the  lenses  mentioned,  where,  as  with  sericite,  the 
longer  dimension  is  unorieiued  witii  respect  to  tiie  cleavage  of  tiie  slate;  in  the  hiier 
particles  of  the  ground  mass  it  is  virtually  indistinguishable  from  the  mica. 

I'prite.  Present  occasionally  in  small,  irregular  masses,  but  generally  forming 
lenses,  similar  in  shape  and  size  to  the  andalusite  crystals  and  easily  confused  with 
the  latter.  The  long  (.limensions  of  the  pyrite  mass,  however,  like  the  sericite  crystals, 
are  almost  always  well  oriented  with  respect  to  the  cleavage.  This  suggests  that  the 
pyrite,  though  clearly  secondary,  is  earlier,  dating  back  to  the  same  epoch  as  that 
of  the  sericite  in  the  deformation  of  the  rock. 

The  pyrite  lenses  reflect  light  as  though  composed  of  numerous  small  crystals  and 
the  occasional  irregularity  of  their  outlines  suggests  the  same  explanation.  Where 
exposed  they  are  one  of  the  first  minerals  to  be  altered,  rusting  to  limonite.  This 
rusting  may  also  account  for  the  spots  of  lighter  color  occasionally  seen  on  cleavage 
planes. 

In  a few  places  pyrite  crystals  up  to  a quarter  of  an  inch  on  a side  were  seen, 
developing  along  joint  planes  in  small  vug-like  depressions. 

Magnetite.  Forms  irregular  areas  in  some  of  the  slate ; the  sizes  are  highly 
variable.  Like  the  pyrite,  these  go  over  into  hy'drated  iron  oxide  upon  prolonged 
exposure,  but  much  more  slowly.  In  schists  bordering  the  slate  and  rarely  also  in 
some  of  the  sandy  layers,  sharivly  rectangular  euhedra  as  much  as  .2  mm.  on  the 
side  are  seen. 

Rutile.  Pest  seen  in  sections  in  the  cleavage  plane.  In  irregular  concretionary 
grains,  composed  of  tiny  crystals  which  are  rosetted  at  t)(>°  angles ; in  diameter  they 
measure  up  to  .08  mm.  They  suggest  pseudomorphs,  probably  after  magnetite.  Sirni- 
lar  rutile  pseudomorphous  after  hematite  is  mentioned  by  Dana^  and  after  ilmenite 
in  Brazilian  slates  by  Brammal*.  Rutile  needles  are  apparently  wholly  lacking,  as 
pointed  out  by  Dale\ 

Zircon.  Hounded  grains  of  zircon  are  seen  in  a few  thin  sections.  They  are  most 
common  in  the  sandy  beds  associated  with  the  slates. 


ECONOMIC  GEOLOGY  OF  THE  SLATE 
USE  FACTORS 

Tlie  Peaeh  Bottom  slate  is  iiiiquestioiiahly  one  of  tlie  best  roofing 
slates  in  the  world,  and  Peach  Bottom  roofing  slate  is  still  produced 
just  aero.sis  tlie  State  line  in  Maryland  (by  three  operators  in  1!)29  and 
2 in  1930),  but  not  in  Pennsylvania. 

('olor  (1)1(1  lii,‘>ter.  The  shite  produced  in  this  region  has  a higher 


1 Dak;,  T.  N.,  Slate  in  the  United  States:  U.  S.  Gcol.  Survey  Hull.  586,  p.  J12,  1914. 
-Dana,  J.  D.,  'J'lie  system  ot  mineralogy,  (itb  ed.,  .John  Wiley  and  Sons,  New  York, 
1914,  p.  238. 

® Brammall,  Alfred,  Reconstitution  process  in  shales,  slates,  and  phyllites:  Mineral- 
ogical  Mag.  (I.ondon),  vol.  19,  p.  213,  1921. 

*Op.  cit.,  p.  112,  1914. 
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luster  and  a little  darker  blne-trray  color  than  any  of  the  otlier  com- 
mercial slates  of  Pennsylvania.  Tt  is  near  but  sli^’litly  darker  than 
the  “neutral  "ray  k”  of  the  Pid"\vay  color  chart.  The  "eneral  ab- 
sence of  appreciable  amonnts  of  carbonates  points  toAvard  nnnsnal  per- 
manence in  the  colors.  Fresh  cleavap'e  surfaces  exhibit  a ])ronouneed 
luster  which  sloAvly  disappears  upon  eolor-apinp. 

Locally  the  cleavape  .surface  is  spotted  with  lipht  olive-pray  circles 
one-eiphth  of  an  inch  or  less  in  diameter.  These  are  seen  on  fresh 
fractures  and  so  cannot  Avell  be  attributed  to  weatherinp ; they  were 
not  studied  under  the  microscope,  but  they  probably  are  the  result  of 
oxidation  of  pyrite  lenses. 

Upon  very  prolonped  Aveatherinp,  far  in  excess  of  that  developed  In- 
ordinary use,  the  slate  becomes  oliA-e-pray  and  finally  a dull  brown. 
Such  colors  or  a still  later  deep  hematite  red  are  seen  on  the  borders  of 
joints  or  elseAA-here  on  lonp-exposed  surfaces. 

Strength  of  the  slate.  Only  a few  comparative  strenpth  tests  of 
Peach  Bottom  slate  are  available.  These  seem  to  shoAv  that  it  has  an 
exceptionally  hiph  crushinp  strenpth.  an  averape  value  of  11,2(10 
poAinds  per  square  inch  beinp  IMerriman’s  value  for  the  mean  of  twelA’e 
tests  of  the  crushinp  strenpthh  This  is  much  hipher  than  for  most 
other  American  slates.  Tt  is  a noteAvorthv  fact  that  specimens  exhibited 
at  the  Crystal  Palace  exposition  in  Enpland  in  1850  Avere  aAvarded  the 
hiphest  premium  as  the  best  roofinp  s'ate  then  knoAvn". 

Variety  of  uses.  Thouph  the  dark  color,  its  uniformity,  and  its  sta- 
bility, as  Avell  as  the  strenpth  of  the  Peach  Bottom  .slate  all  combine  to 
make  it  a hiphly  desirable  roofinp  slate,  the  variety  if  its  uses  is  small. 
Tn  comiAarison  Avith  the  slatt's  of  the  Lehiph-Xortham])ton  district,  the 
Peach  Bottom  slate  is  saAved  and  planed  Avith  difficulty  and  the  n;ill 
products  are  feAver.  Ci-aA'e  A'aidts  and  coA’ers,  steps  and  risers  are  still 
manufactured,  and  in  the  past  this  business,  notably  at  the  Tlnmjdirey 
and  other  larpe  quarries,  has  thriA-ed,  but  for  sinks  and  other  care- 
fully turned  structures  the  slate  does  not  seem  to  be  so  Avell  adai)ted. 
In  consequence  the  fcAv  aetiAm  quarry  companies  luiA-e  concentrated 
more  and  more  upon  the  ])roduction  of  slate  for  roofinp.  This  in  turn 
reduces  the  A’olume  of  the  busine.ss  and  increases  the  “overhead.” 
Since  1927  only  tAvo  quarries,  both  on  the  INTaryland  side  of  the  line 
have  been  makinp  slate.  Tn  PennsA-lvania  only  a sinple  company  Avas 
in  o])eration  in  1928;  this  Avas  crushinp  the  slate  to  make  prannles. 

About  1922  the  Blue  ^Mountain  Stone  Conqnuiy  leased  79  acres  of 
slate  land  1 mile  northeast  of  Delta  and  bepan  the  manufactui-e  of  roof- 
inp pranides.  At  first  the  AA-aste  dumi)s  of  an  old  s’ate  quarry  Avere 
used  but  for  .seA-eral  years  iioav  the  mill  has  been  o^Acrated  on  fi-eshly 
quarried  slate.  The  i-ock  ])asses  throuph  ])rimary  and  secondary  crush- 
ers, a drier,  and  screens.  The  prannles  ai'e  used  for  makinp  roofinp 
maferial  and  the  dust  is  utilized  for  makiny  the  joints  in  imitation 
brick  sidinp. 

This  plant  is  uoav  operated  by  The  Fnnkhonser  ComiAany  of  Hapers- 
toAvn,  Maryland,  the  parent  of  the  Blue  ^Mountain  Stone  Company, 
and  has  a cajiacity  of  90,000  tons  of  prannles  aniuially. 

iMerriman,  Jlansfleld,  The  .strength  aint  weathering  (jualiUes  of  rooting  slates;  .Ain. 
Soe.  Civ.  Eng.,  Trans.,  vol.  XXATI,  pp.  331-S19,  1S!K,  and  vol.  XXXII,  pp.  52y-53!i,  ISW. 

“ Ferguson,  E.  G.  AV.,  Peach  Bottom  slate  deposits,  Pennsylvania:  Mining  AA'orld 
(Chicago),  vol.  33,  p.  183,  1910. 
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OVERBURDEN 

(xlaciation  did  not  reacli  soutliern  Pennsylvania  ; hence  weathering 
has  in  all  places  extended  some  distance  down  into  tlie  bed  rock.  Gen- 
erally it  is  necessary,  therefore,  to  remove  at  least  5 or  10  feet  of 
liighly  Aveathered  rock  before  slate  can  be  produced.  Portnnately  for 
Ihe  (piarryman,  the  slate  weathers  only  very  slowly,  hence  this 
weathered  overbni'den  is  snrprisingly  thin.  In  no  case  Avas  it  observed 
to  extend  more  than  20  feet  beloAV  the  surface. 

EFFECTS  OF  BEDDING  AND  FOLDS 

Pxcept  foi-  the  rare  eases  where  actual  sandy  layers  are  present,  the 
effects  prodnced  by  bedding;  are  not  seriously  deleterious  to  quarry 
operations.  “Slannts,  ” if  they  may  be  regarded  as  bedding  planes, 
are  much  like  joints  in  the  advantages  and  disadvantages  to  the 
(piarryman.  Since  the  formation  is  too  homogeneous  to  permit  the 
tracing  of  the  beds,  comjdications  introduced  by  folding,  such  as 
affect  quarry  methods  in  the  Lehigh-Northampton  district,  are  not 
0])eratiAT  here. 

EFFECTS  OF  SPECIAL  STRUCTURAL  FEATURES 

Faulting.  As  usual,  fault  zones,  Avhieh  shatter  the  slate  heavily  be- 
cause of  its  brittle  character,  cause  serious  losses  in  quarrying.  The 
shattered  zone  ])revionsly  described  in  the  McLaughlin  quarry  (see 
pp.  268,  .270)  is  an  example.  The  slate  at  the  immediate  edge  of  the 
fault  is,  of  course,  utterly  Avorthless.  P)Ut  the  destruction  generally 
also  extends  much  farther  out,  because  of  the  closely  spaced  joints 
that  Avere  develojAed  accompanying  the  movement.  In  the  ease  cited, 
a strip  at  least  8 feet  Avide  on  each  side  of  the  fault  ]dane  had  to  be 
discarded. 

Cleavage.  The  stee])  dip  of  the  cleavage  prohibits  the  use  of  cleav- 
age planes  for  quarry  doors.  The  door  must  therefore  be  developed 
oil  dat  joints  or,  since  these  ai’e  not  commonly  available,  must  be  cut 
directly  across  the  e'eavuige. 

FaJ.'^e  cleavage.  For  a discussion,  see  page  .370,  above.  Unlike  its 
ett'ect  in  other  slate  districts  studied,  this  feature  does  not  seem  to  be 
seriously  deleterious  in  Peach  Bottom  slates.  If  aviw  closely  siiaced 
and  possessing  great  amplitude,  it  may  cause  breaking  of  the  slates 
into  narroAA’  strijis,  the  sides  of  Avhich  are  bonnded  by^  false  cUavage 
jilanes.  In  most  quarries,  hoAvever,  areas  of  false  cleavage,  Avhen  ]n-es- 
ent,  are  I’eadily  recognizable  and  dednitely  localized,  and  may  sim]ily 
be  left  standing  a.s  Avaste. 

•Indging  from  observations  by  the  writer  as  avcH  as  the  statements  of 
ipiarrymen,  the  eastern  part  of  the  district,  especially  that  east  of 
Sustpiehanna  Biver,  seems  to  have  suffered  more  from  the  ]iresence  of 
false  cleavage  than  the  region  farther  Avest.  perhaps  because  compres- 
sion in  the  east  Avas  generally  closer  and  more  intense. 

Jointing.  It  has  already  been  pointed  out  that  the  prevailing  joints 
ai’e  of  two  systems,  one  striking  northwest  and  the  other  northeast. 
The  former  is  of  special  economic  importance  in  facilitating  quarry 


PIOAOH  I’.OTTr('>r  niSTKICT 


381 


operations.  The  nearly  liorizontal  .ioint  planes  already  described  are 
to  be  regarded  as  disadvantageons.  rather  than  otherwhse,  since  the} 
are  too  infrequent  to  serve  as  quarry  floors,  yet  are  aceonqtanied  hy 
so  nmch  shattering  of  the  rock  as  to  jn-odnce  large  amounts  of  waste 
and  to  permit  oxidation  and  “rnsting."  (’nrved  joinhs  and  joints 
intersecting  at  acnte  angles  also  yield  wastiv  Several  of^  tlie  latter 
have  seriously  hanqiered  (|uarry  operations  in  the  Peach  llottom  and 
Peerless  quarries  jnst  south  of  the  ^Maryland  line. 

Itowles  ^ mentions  as  jirevalent  in  the  Peach  Bottom  district  .steejiB 
inclined,  0])en  joints,  which  iiermit  unsupported  masses  of  rock  to 
slide  into  quariy  iiits,  and  states  that  these  structures  have  resulted 
in  several  di.sa.strous  slides. 

Locally,  as  at  the  Gorsuch  o]ien  cut  on  the  east  hank  of  the  Sus(|ue- 
hanna,  tlie  slate  is  rendei-ed  imnure  by  what  ap]iear  to  be  joints  cutting 
across  the  cleavage  but  “healed”  with  secondarily  deposited  quartz. 
Despite  the  reunion  of  ojiposite  sides  ol  the  joint  by  the  quartz,  the 
slate  is  brittle  at  the  joints.  This  is  a local  feature  only,  however. 


DETAILED  QUARRY  DESCRIPTIONS 

Thirty  <|uarries  or  lu'ospects  are  here  described  from  the  region 
Avest  of  Susquehanna  Liver  and  twelve  east  of  the  river.  The 
histoiw  of  operations  is  giA'en  only  in  the  more  important  eases.  Quar- 
ries are  in  general  numbered  from  Avest  to  east.  Numbers  correspond 
to  those  on  the  detailed  ma))  (Figures  84,  85)  and  on  Plate  (14  from 
A'.'hich  also  the  location  of  each  (piarry  may  be  aseertaiiu'd. 


t,  2.  Proctor  Qunrric!>.  Tavo  small  (piarries,  long  abandoned  and 
south  of  the  Pennsylvania  line,  shoAv  a little  slate. 

4,  and  5.  Old,  small  oiienings  on  the  state  line.  The  slate  ex- 
]AOsed  is  good.  CleaA'age  strikes  N.45°E,,  di])S  80  S. 

6.  Miles  Qaarrji.  This  small  ojiening  just  north  of  the  state  line, 
long  abandoned,  sIioavs  cleaA’aiiA*  sti'ikiug  X.47°L.  and  dipping  Aei  i- 
eally.  Finished  slates  on  the  dump  shoAv  a somcAvhat  rougher  fracture 
than  usual. 


7.  This  is  scarcely  more  than  a 
dips  A'ertically.  A feAV  prominent 


|)rospect.  CdeaA’age  strikes  X.5()°L., 
northeast  joints  are  seen. 


8.  Lnrfie  Miles  (^mn-rji.  An  irreaidarly  shajicd  oiiening  on  the  hill 
ea.st  of  Delta,  measuring  about  250  feet  s(piare  and  shoAving  50  feet  of 
slate  aboA'e  the  Avater.  The  cleaA'age  sti'ikes  Xk55°L.,  diiis  A’crtically. 
At  the  south  end  seA'eral  “slaunts’  strike  X.(10°L.,  din  hO  X.;  if  the^e 
are  bedding  ])lanes,  the  o])enin<>'  is  thus  on  the  north  limb  ot  an  anti- 
cline. Conspicuons  joints  striking  X.5°E.  and  diiA])ing'  80°X.  arc*  seen. 
In  the  middle  of  the  northeast  Avail  the  rock  is  heaA'ily  shattered,  ilue 
fierluqis  to  nost-cleaA'age  moA'cments.  Slate  seen  on  the  dumn  is  good. 

An  old  “factory,”  partly  dismantled,  still  stands.  The  last  o]iera- 
tions  Avere  in  1921. 


9.  A small  prospect,  60  feet  square.  The  cleavage  strikes  X.45°E., 
dips  vertically. 


I BoAvles.  OliA-er,  The  technology  of  slate:  U.  S.  Bur.  ATnes  Bull.  218,  pp.  3S-39,  lt)22. 
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10.  Electric  Quarry.  This  opening  at  West  Bangor,  now  ahan- 
donefl,  measures  about  225  feet  square.  Grood  slate  shows  5 feet  be- 
neatli  tlie  snrfaee,  below  Avliieh  is  a thickness  of  85  feet  of  slate  to 
water-level.  The  cleavage  strikes  N.40°E.,  dips  85°S.  Along  the 
northeast  edge  prominent  joints  strike  N.40-60°W.,  dip  vertically. 
Several  “slaunts”,  locally  qnartz-covered  and  in  places  well  mullioned, 
strike  and  dip  approximately  jiarallel  with  the  cleavage. 

11.  Small  prospect. 

12.  Edward  Evans  (Quarry.  This  opening  at  West  Bangor  is  abont 
180  feet  square  and  shows  25  feet  of  slate  above  water  level,  with  10 
feet  of  overburden  above  this.  Cleavage  strikes  N.50°B.  and  stands 
vertical.  Some  of  the  slate  blocks  on  the  dump  show  much  quartz 
veining;  others  have  “knotty”  cleavage  surfaces,  bearing  small  tubei’- 
cle-like  projections;  still  others  show  conspicuously  curved  cleavage 
with  associated  false  cleavage.  The  slate  produced  is  said  to  have  been 
exceptionally  hard  and  brittle. 

This  quarry  was  opened  about  1870.  It  was  shut  down  for  a later 
l)eriod,  but  operations  were  resumed  in  1905.  Quarrying  stopped 
again  just  before  the  opening  of  the  World  War. 

13.  14.  Two  small  prospects,  300  feet  apart. 

15.  John  D.  Williams  Quarry.  This  opening  at  AVe.st  Bangor  is 
100  feet  square  and  shows  80  feet  of  slate  to  water  level.  Cleavage 
strikes  N.40°E.  and  dijis  75°8.  The  quarry  was  opened  about  1870 
and  shut  doAvn  finally  in  1885.  It  wa.s  planned  at  one  time  to  tap  the 
opening  with  a tunnel  1000  feet  long  driven  sonth  from  the  valley. 

16.  John  Humphrey  Quarry.  This  famous  opening,  probably  the 
largest  and  one  of  the  oldest  of  the  district,  is  at  West  Bangor.  It  is 
960  feet  long  by  120  feet  wide  and  is  said  to  have  a total  depth  of 
about  200  feet.  The  cleavage  strikes  N.40-47°E.  and  dii>s  steeply 
south.  Numerous  joints,  with  strikes  varying  from  N.5°W.  to  N.60°W. 
and  dii)])ing  approximately  vertically,  .show  on  the  walls.  In  addition, 
Hiree  well-marked  shattered  zones  striking  roughly  due  ea.st,  di])  15° 
or  so  to  the  north.  They  are  respectively  25,  40,  and  75  feet  below  the 
surface  of  the  ground  and  ai-e  examples  of  the  “big  Hat”  joints  of 
quarrmnen  ; strictl.y  S])eaking,  they  are  zones  of  sub-parallel  joints, 
rather  than  distinct  joint  planes;  most  of  the  .steepl.v  dip])ing  joints 
stop  again.st  these. 

This  (piariy  Avas  first  opened  in  I860  oi-  CA'en  earlier.  Operations 
were  resumed  after  temporar'v  discontinuance  several  times,  the  last 
work  being  done  in  1911.  It.  too.  was  to  have  been  reached  liy  the 
tunnel  mentioned  in  connection  with  (^uariy  No.  15.  A large  factory 
foi-  producing  grave  covers  Avas  part  of  the  enterprise. 

17.  McLauf/hlin  Quarry.  A rectangnlai-  opening  east  of  the  north 
end  of  the  IIum|)hrey  quarry;  measuring  215  by  125  feet,  and  shoAving 
65  feet  of  slate  aboAT  Avater  leA'el.  The  cleaAmge  strike  is  N.55°E.,  the 
di]i  80°N.  at  the  surface,  but  stee]iening  doAviiAATi'd  to  vertical  and  then 
tnrning  to  85°S.  at  the  bottom.  In  the  northeast  and  southwest  walls 
numerous  parting  planes  or  “slaunts,”  2 to  10  feet  apart  and  some  of 
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llieni  loose,  like  “loose  ribbons, ' ’ strike  N.55°ki.,  dip  <5  S.  If  these 
are  correctly  interpreted  as  bedding,  the  ([narry  is  oi)ened  on  the  south 
limb  of  an  anticline,  a feature  which  continnes  into  ad.jaeent  quarries 
to  the  east.  In  the  northeast  and  southwest  walls  there  is  a marked 
shattered  zone  already  de.scrihed  (see  page  368).  Near  tlie  southeast 
wall,  between  the  wall  and  the  slip-zone  mentioned,  cleavage  planes  are 
locally  quartz-bearing. 

The  quarry  was  operateil  in  the  early  nineties  for  a few  years  only. 
It  was  intended  to  work  the  same  beds  as  in  the  K.  1j.  -Tones  (piarry  but 
the  opening  should  have  been  carried  farther  northwest. 

18.  7f.  L.  Jones  Quarry.  This  quarry,  the  oldest  on  the  slate  ridge, 
is  also  one  of  the  largest.  It  is  an  irregular  opening  800  feet  long  and 
about  100  feet  wide.  “Slaiints”  strike  N.50°hh,  dip  81°S.,  whereas 
the  cleavage  averages  N.53°E.  in  strike  and  87°8'.  in  dip.  Ainong 
numerous  joints  studied,  a N.23-70°W.  system,  with  dips  of  45°  to 
80 °S.,  predominates. 

This  quarry  Avas  opened  approximately  in  1850,  and  run  at  inter- 
vals until  1912.  It  is  northeast  of  West  Bangor. 

19.  Johnson  Quarry.  This  opening  IV2  miles  noilheast  of  Delta 

was  once  three  se]iarate  quarries,  iioav  united  into  one.  The  slaty 
cleavage  is  largely  folded,  in  places  very  heavily  so,  and  bears  (piartz 
stringers  parallel  to  the  curAcd  clea\’age  jilanes.  Alaiiy  of  the  less  im 
regular  quartz  veins  have  a strike  identical  Avith  those  in  Quarries  17 
and  18  to  the  Avest,  and  apparently  belong  to  the  same  set.  The  cleav- 
age strike  is  N.50°E.,  Avith  A'ertical  dips.  ^ 

This  large  opening  is  operated  by  the  Eunkhauser  Company  of 
IlagerstOAA’n,  iMaryland.  The  plan  is  to  A\ork  seA'eial  benches,  using 
churn  drills  and  poAvder.  Drilling  is  carried  to  depths  of  100  feet  be- 
fore bla.sting;  poAver  .shovels  are  used  for  loading.  A gasoline  engine 
hauls  the  loaded  cars  to  the  mill,  Avhere  the  slate  is  crushed  for  rooting 
granules. 

20.  Kell  Quarry.  A small  opening,  now  largely  tilled  Avith  rubble. 
The  cleavage  strikes  i\.50°E.  and  dips  85°N. 

21.  A small  pit,  virtually  a prospect.  The  cleavage  is  excellent; 
it  strikes  N.4d°E.,  dips  88°S. 

22.  Huqhes  Estate  Quarry.  This  small  opening  sIioavs  good  cleav- 
age that  strikes  N.33°E.  and  dips  76° S.  The  slate  contains  thin  quart- 
zitic  lenses,  evidently  representing  sandy  laminae,  Avhich  dij)  more 
gently  than  the  cleavage  and  thus  suggest  the  south  limb  of  an  anti- 
cline. 

23.  Lloyd  Quarry.  A small,  long-abandoned  opening,  only  20  feet 
deej).  Cleavage  strikes  X.55°E.  and  dips  85°S.  The  slate  on  tlie  dump 
splits  evenly  and  Avell.  The  quarry  Avas  once  oiierated  to  produce 
graiihite  filler. 

24.  Steivart  Quarries.  Tavo  small  openings  100  feet  ajiart,  both 
long  abandoned.  The  slate  sIioaa’S  good  cleavage,  Avhich  strikes  N.5(l°E. 
and  dips  70-75° S. 

25.  Small  prospect  only. 


384 


SLATE  IN  PENNSYLVANIA 


26.  Faulk  Jo)ies  Quarry.  This  large  opening  two  miles  northeast 
of  Delta  at  Slate  Hill  is  now  abandoned.  It  shows  60  feet  of  slate 
above  the  water,  but  is  probably  ab«nit  100  feet  deep.  The  cleavage 
strike  averages  N.45°E.,  dips  vertically.  Jointing  is  conspicuous,  the 
dominant  system  striking  about  N.35°W.  and  dipping  vertically.  One 
joint — or  more  properly  a zone  of  irregularly  iiniting  and  separating 
joints  of  the  “big  flat’’  type — shows  about  80  feet  below  the  surface 
along  the  northwest  wall.  Especially  conspicuous  also  is  a set  of 
curved  parting  i)lanes  suggestive  of  an  anticlinal  crest  and  so  inter- 
preted here ; this  is  best  develojjed  on  the  northeast  (piarry  wall. 

The  slate  on  the  dump  shows  excellent  cleavage,  but  some  cleavage 
surfaces  bear  the  tubercle-like  projections  mentioned  elsewhere;  larger 
siliceous  knots  are  also  seen  locallj',  and  some  of  the  slate  has  developed 
the  small  spots  of  rusting  mentioned  on  page  379. 

This  quarry  was  operated  in  part  by  tunnelling  into  its  southwest 
wall.  It  was  opened  about  1860.  The  latest  work  was  done  in  1922, 
and  the  building's  are  still  standing. 

27.  An  old,  long  abandoned  opening.  It  shows  a vertical  thickness 
of  12  feet  of  slate,  with  cleavage  striking  N.47°E.,  dipping  85°S.  The 
slate  on  the  dump  generally  has  i'0\igh  cleavage  planes. 

28.  Slate  Point  Quarry.  This  consists  of  a small  tunnel  and  an 
open  cut  above  it  in  the  bluff  overlooking  the  river.  The  beds  strike 
N.40°E.  and  dip  80°y. ; cleavage  dips  slightly  less  than  the  beds,  and 
the  structure  thus  probably  represents  the  south  limb  of  a northward- 
tilted  syncline.  Jointing  is  of  two  sets,  one  dipping  30°S.,  with  strikes 
of  N.60°W.,  the  other  being  virtually  horizontal  (“big  flat”  joint 
fype).  Tliere  is  considerable  (pmrtz  and  calcite  veining  parallel  to 
the  cleavage,  which  locally  shows  folding  and  is  crossed  by  false  cleav- 
age. 

This  (piarry  was  last  worked  about  40  years  ago.  A small  hole  to 
the  east  was  the  site  of  later  small-scale  operations. 

29.  lUmselt  ami  Yard  Quarry.  A small  (piarry  in  the  east  bluff'  of 
the  river  showing  good  cleavage  which  strikes  N.33°E.  and  dips  80°N. 
This  was  once  a much  larger  opening;  the  waste  was  thrown  into  the 
river  and  tilled  the  raft  course,  so  that  an  injunction  to  prevent 
quarrying  was  granted  by  the  court. 

so.  (iorsucli  Open  Cut.  This  (piarry  in  the  east  bank  of  the  Sus- 
(piehanna  is  very  ii'regular  in  outline,  but  rougbly  200  feet  square. 
The  hillside  rises  to  the  east,  hence  depth  b(‘neath  the  surface  was  at- 
tained in  that  direetion  and  better  slate  jiroduced.  (Jeavage  generally 
strikes  N. 40-50°  K.  and  dijis  variously,  from  80°N.  to  70°l8.  “Slaunts” 
(bedding  plam's?)  strike  .\.43°E.  and  (li|)  85°i\.,  which,  with  the 
cleavage  di|)  mentioned,  suggests  the  south  limb  of  .syncline.  The 
dominant  joiids  strilu*  N.30-()0°\V.  and  dii)  30-70°S.  They,  as  well  as 
some  of  the  cleavage  planes,  ai'e  coated  with  (piartz  and  calcite  and 
both  types  of  coating  show  mu  I lions.  A heavily  broken  zone  jiarallel 
to  the  cleavage  and  several  curved  |)arting  planes  suggestive  of  bedding 
shatter  the  slate  near  the  middle  of  the  northeast  Avail.  A similar 
shattered  zone  appears  still  farther  south  on  this  wall.  Prom  these 
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facts  it  i.s  obvious  that  most  ol'  tlie  material  qiiai'ried  could  not  he  used 
foi’  making'  rooting  slate. 

Tliis  (|uari'y  was  first  worked  in  1802.  In  the  hegiiiiung  mueli  roof- 
ing slate  was  made,  2()-ineli  sizes  l)eing  tlie  operators  s|)eeialt\ . (Quarry- 
ing was,  liowevei',  diseontinned  in  1877  for  tlie  same  reason  as  at 
Quarry  No.  2h.  In  1918  a mill  was  built  to  crush  the  product  into 
granules  for  rooting.  Later,  however,  operations  were  discontinueil. 

31.  Sniiiller  (lor^nch  Q/n/rrie.s-.  These  two  o])enings  are  about  200 
feet  apart.  The  more  southoj'ly  one  shows  10  feet  of  slate  above  the 
watei’  level.  Its  cleavage  strikes  N.3o°E.,  tlijis  7o°S.  “Slanids 
strike  N.25°E.  and  dip  8(LS. ; hence  the  structure  is  as  in  the  (lorsuch 
Open  Cnt,  described  above.  Along  some  of  the  ‘‘slaunts’  the  cleavage 
shows  ])ronouneed  diaig.  as  thougli  there  had  been  mo^'ement  later  than 
the  growth  of  the  cleavage;  in  such  zones  of  “dragged”  cleavage, 
false  cleaAage  is  seen. 

The  north  quari'y  is  (iO  feet  deej).  The  cleavage  strikes  X,28°L.. 
dips  80°S.  A ])rominent  series  of  cpiartz  fillings  is  seen  in  the  chant- 
age planes,  evidently  the  eastward  continuation  of  those  in  the  (loi’snch 
Open  Cut.  noniinant  joints  strike  N^.bO-70°\V.  and  di]i  steeidy  sonth. 

32.  McSparran  (^^iiarries.  These  two  small  openings,  about  1.70 
feet  apart,  have  long  lieen  abandoned.  They  show  good  cleavage  which 
strikes  X..30°E.  and  dii)s  75°S.  They  ai’e  on  top  of  the  river  blutf  above 
the  Gorsuch  Oi)en  Cut. 

33.  Siiuill  McSparran  Qiianii.  A small,  long  abandoned  o])ening. 

34.  S]Knik  (^uarrii.  This  quarry  on  to])  of  the  bluff  at  Whitaker 
station  measures  100  by  .30  feet,  and  exposes  about  .30  feet  of  good 
slate  to  watei-  level.  Tbe  cleavage  strikes  X^.35°E.  and  dijis  7.3°S.  The 
south  dip  of  the  cleavage  caused  an  apiireciable  and  dangerous  over- 
hang. Further,  there  was  considerable  shearing  with  some  decay  along 
many  of  the  joints.  Opened  in  1895,  the  quari-y  conld  not  long  be 
operated  in  face  of  these  difficulties. 

35.  Coone]!  (Quarry.  This  is  a circular  hole,  50  feet  in  diameter, 
half  a mile  south  of  Greene.  Slate  on  the  dump  has  good  cleavage. 
Operaiions  must  have  ceased  long  ago,  ])robal)ly  as  early  as  1870. 

36.  Finley  Qiinrey.  This  opening,  half  a mile  .southeast  of  Greene, 
is  about  130  by  50  feet  in  plan  and  25  feet  (lee]).  The  cleavage  strikes 
X.38°E.  and  dips  65°S.  The  slate  on  the  dump  is  of  fair  grade,  but 
much  of  it  shows  false  cleavage. 

37.  (Ireycj  Quarry.  This  is  a small  hillside  cut,  operated  chiefly  t<i 
.supply  local  farm-houses  with  roofing.  It  is  on  Peters  Creek  east  of 
Greene.  The  cleavage  .strikes  X.13°E.  and  dii)s  78°S.  Grain  trends 
X.45AY.  and  dips  60°E.  “Slaunts”  strike  X.42°E.,  dip  85°S.;  hence 
this  is  on  the  south  limb  of  a syncline.  Tlie  ‘‘slaunts”  are  .so  closely 
siiaced  as  to  interfere  with  the  ])roduction  of  large  roofing  .slates.  The 
quarry  was  last  operated  in  1870. 

38.  Old  Grayl>ill  or  Tanyardj  Quarry.  A small  hole,  50  feet  .square 
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|{.  Vi«‘\v  of  tiorsuch  open  cut;  note  miiiicrous  Joint  i)laues  di\>piug 

gently  to  left. 
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and  2r)  feet  deeic  on  Peters  Pret'k  above  tlie  (ire;in-  i|narry.  The  cdear- 
ag'e  Strikes  X.3iS°E.  and  di])S  iMuch  of  the  slate  is  atferted  by 

false  cleavage. 


HISTORY  OF  SLA  IK  QFARKVIXG  IX  THE  IVKACH  RO'ITOM  DISTIHCT 


E.xcellent  brief  de.scriptioiis  of  the  develoi)inent  ol'  slate  ([uarrying' 
in  this  district  have  been  given  by  iMathevs and  Ferguson  X the 
vriter  is  also  indebted  for  nnich  information  to  various  I'csideiits  in 
Ihe  region. 

It  is  genei’ally  lielieved  that  the  oldest  slate  now  availalile  is  that  on 
the  trip  hammer  sho]-)  of  Will  Coleman’s  place  at  Peach  Pottom.  east 
of  Susquehanna  Fiver;  this  Avas  first  placed  Ity  .Tose])h  llewes.  of  North 
Carolina,  a signer  of  the  Declaration  of  Indejiendence.  It  has  since 
been  relaid  four  times  and  pieces  of  it,  drilled  for  rectangular  hand- 
Avronght  nails,  are  still  in  nse.  In  apin-oximately  178.1  William  Decker 
is  rei)orted  to  have  carried  on  the  first  actual  (juarrying  on  a market- 
able basis  and  local  slate  Avas  used  in  roofing  the  old  Slate  Hill  Church 
east  of  AVest  Bangor,  AAdiich  Avas  built  in  1805.  FolloAviug  AlatheAVS. 
this  may  be  regarded  as  the  early  stage  in  the  deAudopment  of  the 
slate  industry. 

At  a much  later  date,  A'arionsly  given  as  1845  and  1840,  Welsh  im- 
migrants entered  the  district.  Among  them  Avere  professional  slate 
qnarrymen  and  quarrying  on  a larger  scale  began  in  ('arnest.  In  1850 
sam])les  of  Peach  Bottom  slate  were  aAvarded  a prize  at  the  Crystal 
Palace  exposition  near  London.  The  fir.st  large-scale  (piai'rying  Avas  at 
the  site  of  the  present  Jone.s  quarry®.  At  fii-st  the  o])erators  found 
competition  from  AVeksh  slate,  Avhich  Avas  brought  into  the  Cnited 
States  duty-free,  ruinous,  but  b.y  1850  the  quarry  industry  on  both 
sides  of  the  river  Avas  in  full  SAving.  In  1858  Fogers  re])orts  in  the 
entire  district  18  quarries  AA’est  of  the  rivei-  and  11  east  of  it*,  and 
mentions  specifically  the  Perry  (or  Parry)  qnariw  east  of  the  8usque- 
hanna  and  the  BroAvn  and  Slate  Hill  (or  Slate  Point)  quarries  Avest 
of  the  river;  Frazer  in  1880  gives  an  a])parent]y  incomplete  record  of 
17  quarries  in  Pennsylvania  and  Maryland®. 

Previous  to  1850  (luarrying  Avas  not  carried  to  great  depths  and 
usually  stopped  Avhere  Aveathering-  became  slight  and  solid  slate  had  to 
be  handled,  because  blasting  Avas  not  used  and  the  dilficulties  of  ope- 
ration increased  the  cost  too  greatly.  By  1880,  hoAA’ever.  ojAcrations 
Avere  essentially  as  the,A’'  are  today,  and  (inarries  Avere  readily  carried 
to  depths  of  100  feet,  or  more.  Channellers  and  broaching,  hoA\-eATr, 
Avere  .still  not  in  nse,  and  the  chief  ])roduction  Avas  rooting  slate,  though 
mantels  and  tombstones  are  mentioned  and  one  mill  foi-  jntlverizing 
slate  Avas  active  in  1880®,  the  ])i-odnct  lieing  used  in  cement  and  paint 
and  for  roofing  grannies. 


^Merrill,  G.  P.  and  Alatliews,  K.  B.,  The  building:  and  dooorative  stones  of  Alar.vland: 
Md.  Geol.  Survey,  vol.  II,  pp.  215-221,  1S98. 

= Ferguson,  E.  G.  AV.,  Peaeh  Bottom  slate  deposits,  Pennsylvania:  Mining  World 
(Chieagoj,  vol.  33,  pp.  1S.I-1.S4,  1910. 

3 Merrill,  G.  P.,  and  Alathews,  E.  B.,  op.  cit.,  p.  216. 

•‘Rogers,  H.  D.,  The  geology  of  Pennsylvania,  vol.  1,  pp.  l.SS  and  ISO,  1S5S. 

“Frazer,  Persifor,  .Ir.,  Geologv  of  Lancaster  Countv:  Pa.  Second  Geol.  Survey  Rept. 
CCC.  pp.  179-1.80  and  1.8.3-190,  ISSO. 

“Frazer,  Persifor,  .Tr.,  op.  eit.,  p.  182,  1S®0. 


SLA'l’E  fX  I'EXXSYI.VAXIA 


.•:ss 


PLATE  <>!». 


A.  Typical  mill  ami  l•ootin<>  slaic  stock  pile,  Peach  Bottom  (listeict. 


B.  .tlill  foe  ceiishiii}>  >late,  Blue  Moiintaiii  Stone  Comi)aiiy,  near 

Bella,  Pa. 


lioTTO'M  1>1SI1;I('T 


MSG 


IM.ATK  70. 


-V.  Slate  tonil)St()ii<‘s  at  .>It.  Xebo  Cemetery.  Slate  Hill;  dates  are 

and  1S72. 


R.  Foundation  of  a store  in  l)elt;t.  built  in  ISO."),  of  Feaeb  Rottom 

slatt*. 
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SLATE  IX  PEXXSYLYAXIA 


In  the  present  century  individual  cjnarries  sntt'ered  interruption  of 
operations,  largely  because  of  competition  from  other  American  dis- 
tricts, but  Avitli  the  beginning  of  the  World  War  slate  production  once 
more  increased,  and  some  20  openings  were  operated  at  intervals  in 
Pennsylvania  alone.  Tliis  expansion  took  place,  thanks  in  part  to  the 
use  of  electricity  in  place  of  steam,  but  because  of  other  technical  im- 
provements as  well.  It  has  only  been  since  the  end  of  the  war  that  a 
general  slump  in  the  industry  set  in.  The  limited  uses  for  which 
Peach  Pottom  slate  could  lie  machined  and  the  severe  competition  from 
the  better  organized  Lehigh-Northampton  firms  and  those  in  slate 
regions  outside  the  State,  combined  to  strain  the  Peach  Bottom  pro- 
ducers beyond  capacity.  The  only  production  of  commercial  slate  in 
this  district  now  comes  from  two  companies  jointly  operating  a single 
opening  in  Harford  County,  iMaryland,  and  from  three  othens  that 
quarry  and  crush  slate.  Of  the  latter  only  one  is  in  the  State  of  Penn- 
sylvania. All  of  the  other  quarries  are  abandoned  temporarily  or 
permanently. 


PRODUCERS 

OF  SLATE  IN  PENNSYLVANIA  IN  1931 

I,elii>ili-X<)i'thanipt()n  Distidet 

LEHIGH  COUNTY 

Slatedale: 

J.  P.  Kern  Slate  Co. 

Royal  Blue  Slate  Co. 

Shenton  Slate  Co. 

Slatington: 

American  Slate  Quarries 

Blue  Mountain  Slate  Manufacturing  Co. 

Blue  Ridge  Quarries  (Inc.) 

Cambridge  Slate  Co. 

Manhattan  Slate  Co. 

Pennsvlvania  Slate  Blackboard  Co. 

Slatington  Slate  Co. 

Bangor: 

NORTHAMPTON  COUNTY 

Bangor  Fidelity  Slate  Co. 

Bangor  Ideal  Slate  Mining  Co. 

Bangor  Quarry  Co.  (address.  1 920  E.  Seventy-tifth  St.. 

Cleveland,  0.) 

Bangorvein  Slate  Co. 

('o'rmbia  Bangor  Slate  Co. 

North  Bangor  Slate  Co. 

Old  Bangor  Slate  Co. 

Slate  Products  Co. 

Berlinsville: 

Amalgamated  Slate  Quarries  f’o.  (address.  Easton  1 

Chapman  Quarries: 

Chapman  Slate  Co.  (address.  Bethlehem) 

Edelman: 

The  Hard-Vein  Slate  Co.  (address,  Easton) 

Xazareth: 

Edelman  Standard  Plard-Veiii  Slate  Co.  (address 
Edelman  ) 

Pen  Argyl: 

Albion  Vein  Slate  Co.  (address.  Bangor) 

Belmont  Slate  Co.  (address,  Bangor) 

Diamond  Slate  Co.  (Inc.) 

Doney  Slate  Co.  (Inc.) 

Jackson-Bangor  Slate  Co. 

Keenan  Structural  Slate  Co. 

Parsons  Bros.  Slate  Co. 

Parsons  Manufacturing  Co. 

Stephens-Jackson  Co. 

D.  Stoddard  & Son  (address,  Bangor) 

AVindgap: 

Bo'ger-Heller  Slate  Co. 

Colonial  Slate  Co.  (address.  Bangor) 

Imperial  Slate  Blackboard  Co. 

Phoenix  Slate  Co. 

Delta: 

Peach  Bottom  District 

YORK  COUNTY 

Funkhouser  Co.  (address,  Hagerstown,  Md.) 

INDEX 


A 


7(1.  77 

Acheiihaeli  ([uarry.  i!7.j 
Ackerinanville,  101 
Acme  i|aaia-,v.  ly!.).  200.  2.'n 
Acme  run.  101.  221.  22N-230 
Ailams  ('(luiity.  jirnspects  in.  4.  5 
.■^late  from.  17.  110 
All)an.v  St.ation.  lO.l.  1.1, S.  054 
Albany  ijimrry.  050 
Albion-l'.iuigor  (inarry.  140.  220.  227 
Albion  quarry,  calcareous  bed  in,  IS, 
1.15,  105-107,  170,  171.  1,S0,  220.  23S, 
200, 

thickness  of  bed  in.  21 
curved  cleav.-iKe  in.  00 
.i'dnts  in.  40.  41 
waste  heap  .at.  100 

Albion  run.  SO.  100-100,  221.  ‘'20  22, S 
220.  201-20(i.  200,  240,  242,  240,  245', 
252,  000 

Albion  Superior  quarry,  201 
Albion  Vein  (juarry,  20.  44,  150,  10(i. 
200-20, S 


Albion  Vein  .Slate  Co.,  20S 
Albite,  004 

Allen  (juarry,  220,  200 
Allen  Township,  Northampton  County, 
040 


Allentown  formation.  Kil 
Alph.a  quai'ry,  150,  201 
Alumina,  17.0 

Amalgamated  .Slate  (Quarries  Co.,  210. 
000 

American  Bangor  quarry.  157.  240 
American  School  Slate  Co.,  207 
American  Slate  Co.,  240 
Andalusite,  305,  375-078 
Anticlines,  194,  195,  212.  228.  242.  251 
Apps,  325,  320 

Aquasliicola,  carbonate  knots  from,  10 
slate  near,  119-120 
stratigraphy  at,  121 
structure  at,  124 
Aragonite,  342,  343 
Armiento  quarry,  004 
Arvon  quarry,  227 
Atlas  Mineral  I’roducts  C(.).,  350 
Atlas  quarries.  330 
Atlas  Slate  Company^ 328.  330 
Axial  planes,  154.  loo.  157 
Azimuth  chart  of  strike  of  grain,  .Slat- 
ington  district,  282 

strike  of  joints.  43,  44,  373 


B 

Bachman  (piaiu-y,  .348 
Bader  quarry,  275 
Balmoral  big  bed,  220 
Banding  in  slate,  14.  145 
Bangor,  155.  159,  170,  177,  183,  186, 
192,  199,  3.58 

Bangor  beds,  190-192.  197.  200.  250-2.52 
Bangor  Central  (puarry,  148.  211,  212 
Bangor  Ecli|)se  (piarry,  211 
Bangor  Excelsior  quarry,  214 
Bangor  Fidelity  Company.  247 
Bangor  Fidelity  (piarry.  100.  246 
Bangor  Boyal  qnari'y,  212 
Bangor  run.  222 


Bangor  Southern  (piarry.  157.  249 
Bangor  Superior  (piarry.  247,  24.S 
Bangor  syncline,  102.  195 
Bangor  Union  (piarry,  195.  219,  2‘20 
Bangor  Union  run  aiid  big  bed.  191, 

205,  220  ' 

Bangor  Valley  quarry.  211 
Bangor  t'ein  (piarry,  85,  140.  147,  166, 
170,  204-200 

Bangor  Washington  quarry,  220.  221 
Banner  (piarry.  192.  332 
Banner  .Slate  Co.,  332 
Barnett  (piarry.  259 
Batt  (juarry.  258 
L’.auer  (juarry,  340 
Becker.  <1.  F.,  cited.  53 
Bedding — cleavage  relation,  48 
grain  relation,  49 
joint  relation,  49 
irregularities,  148 
slij)  faults,  100-108,  170,  205, 
200.  218,  222,  223.  237-239, 
247 

Beekmantowii  series.  14.3,  161 
Beers  (juarry.  251 
Belfast.  2.58 

(piarry.  42.  109.  201-203 
Belmont  Slate  Co.,  24‘2 
Belvidere,  173 

Benninger,  .John,  (juarry,  331 
Henninger  quarries,  325 
Benninger.  W.  X..  325 
Berks  County,  149.  104,  .353 
Berlin.  A.  B.,  ojierator,  304,  330 
Berlinsville,  152.  280,  320,  329,  331 
Bertseh  Creek,  325,  326 
Bethlehem  quarry,  200 
Big  bed,  140 

Big  Franklin  quarry,  3(Xl,  303 
Big  Offset,  159,  195 
Big  Bock  quarry,  349,  350 
Billiard  talile  tops,  115 
Biotite,  177,  181 
Bittner  (jiiarries,  286 
Blackboards.  102,  109 

and  bulletin  boards,  statistics  of 
production.  113,  114 
Black  Bibbon  big  bed,  207,  209,  211,  220 
Black  Biver  age,  172 
Blake  shaft.  222 
Blake.  W'illiam.  250 
Blasting.  80 
Blisters.  40 
Bloos  (juarry.  180.  288 
Blue  Diamond  (jiiarries.  313 
Blue  ^Mountain.  139.  131.  151,  15.3,  159, 
103.  173 

Blue  Mountain  (juarry,  189,  227,  290, 

293 

Blue  ^Mountain  run  and  big  bed.  186. 
187.  189.  28(;.  287.  294.  298.  .300.  335, 
338 

Blue  Mountain  Slate  Co.  quarry,  279, 

294 

Blue  ^Mountain  Stone  Go.,  379,  388 
Blue  Jtidge  (juarry.  188 
Blue  Bidge  oiiarries.  12.  279,  .311 
Blue  Bidge  Slate  Co.,  mill,  94 
Blue  Valiev  (juarry,  20,  154.  282.  306, 
307 
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J)lut'  Viilley  Sl.itt*  ('iunpany,  JJU') 

liluiiKiiit  quarry.  27!),  2l^o 

r>oli;'t*r  (luarry.  241 

I’xiljicr.  Thoiiia.s.  2((4 

J’oiisell  and  Yard  quarry,  384 

linrn,  Ax<d,  cited,  3(i,  r)(i 

r.owles,  (diver,  cited,  3.  3.").  (is,  lO.'i 

I!ray  and  Slinrt.  208 

Ijr.-iy  (luarry,  120,  125.  12(1 

Brensiiifter.  L.  F..  operator.  321,  322 

llroaeliint;,  85.  8(1 

llroacliinK  liar.  1!M! 

Brown.  .lolni.  210 
Bucher.  W.  II.,  cited,  .1.5 
Buckle,\',  Malcidin  K..  cite<l.  3 
Bucktown  quarry.  204 
ButfiiiK.  100.  101 
Butler  Brothers  Fo..  103 
( ' 

Calcareous  beds.  203.  222 
laver.s.  17.  18 

Calcite,  148.  173.  17(1-170,  182,  183,  202. 
2(18,  272.  275,  204.  312.  343,  345,  3(18, 
384 

Calcium  carbonate,  tihrous,  270 
Cambria  (]uarry,  3.37 
Cambrian  age,  172 
limestone,  101 

Cambridge  mine  and  quarry,  .section 
t'brougb.  25 

curved  cleavage  in,  30 
quarry.  154 
shafts,  313 

Cambridge  Slate  Company.  03.  312,  313 
syncline.  278.  270,  312.  315 
Canoe-shaped  outcrop.  157 
Carbon.  173.  17(1.  180-183 
Carbon  County  district,  5,  1(1.  17,  20,  27. 

20.  no.  122 

Carbon  quarry.  180,  301 
Carbon  Slate  Company.  208.  311 
Carborundum  wheels.  101 
Cardiff.  5Id..  3(10,  304 

conglomerate.  303.  304,  300 
Caskey  and  Eniack,  operators,  310,  321 
quarry,  321 

Catspaws,  40.  227.  253 
Cementon.  351 . 352 
Centennial  (piarry,  340 
Channeller.  100 
Channeling  machines,  30,  8(1 
Chapman,  204 

qiiarr.v.  44.  20S-272 
quarries,  20.5.  2(17.  358 
schoolhouse  at.  103 
Chapman  Slate  Coinpan.v.  208 
dump,  03 
plan  of  tracks,  80 

Chapman  Standard  quarry,  44.  200.  207. 
208 

Chapman  Standard  Slate  Comp;iny,  2(i8 
Chapman  Superior  quarry,  273 
Chapman,  unnamed  quarry,  274 
Chemical  analyses.  174 

comiiosition,  10.  173.  182 
composition.  Peach  Bottom  slate,  375 
Chlorite.  177.  170-183.  222,  355.  303, 
304,  370,  372.  375.  378 
Cincinnati  arch,  140 
Claussville.  348 

Cleavage.  155.  10(1.  108-171.  175,  17(1. 
105.  10(1,  202 
causes  of,  51 
curvature  of,  1(>.  28.  .30 
defined.  7,  20.  35,  51 


disadvantages  <if,  11 

in  drill  cures,  70.  71 

Peach  Bottiim  district.  370,  .3S(I 

relation  tn  bedding.  48 

see  also.  False  ideavage 

shear  /.nnes.  37.  38 

slip,  20.3 

structure  determined  by.  2.3,  24 
test  fur.  75 

Cnhu-  of  shite,  10,  75.  70.  110,  117.  120. 
10.3 

Peai'h  Bottom  slate,  .378 
Colored  slate.  .353-357 
Colnmhia,  101 

Columbia  Bangor  quarry.  1 10.  212-21  I 
.joint  in,  40 
waste  from,  82 
Columbia  ipiarry.  288 

(Columbia  run  and  big  beds.  18,5,  187, 
188.  100,  102,  285,  288.  202.  .323,  .337, 
340 

Columbia  Slate  Company,  288 
Columnar  section.  Carbon  County.  122 
eastern  Pennsylvania,  134 
Commonwealth  Slate  Co.,  .3.31 
Comiiosit'ion  of  slate,  0 
Compression.  102 
Conoeoidieague  limestone.  143 
Consolidated  No.  1 Star  (|uarrv,  12,  2(1. 
41,  00.  147.  148.  182.  208-21(1 

No.  2 quarry.  10.5.  208 
No.  3 quarry.  44.  150.  170. 
207.  208 

Star  (piarry,  17.5.  17t‘> 
Continental  (piarry,  .334 
Cooney  (piarry.  385 
Courtne.v  (piarry,  2.30 
Corrosion,  resistance  to.  81 
Crescent  (piarry.  280 
Cross-bedding,  147.  238.  200.  .3.57 
Crown  (|uarry.  100,  240 
Crown  Slate  ('o..  240 
(.’rushed  slate.  100 
Crushing  strength,  lest'  for,  78 
Crysfalloldast.  370 

■'Curl"  (false  (deavage  1 . 207,  200,  347 
Curved  cleavage,  170.  171.  230 
Custer  mine,  section  through,  20 
Custer  (jiiarry.  270.  207 
Custer  quarry,  false  cleavage  in,  .30 

I) 

Ihile,  T.  Nelson,  cited.  3,  20.  08.  00 
Ilaniels  iinari-y,  Lynnport  district.  341 
near  Bath.  275 

Ilanielsville.  170,  177,  18.3,  252  280,  .331 
3.33.  3.35 

Dark  beds.  147.  148.  182.  18.3 
Dauphin  County.  5.  120 
Davies  (piarry.  12.5 
Decicer.  IVilliani.  387 
Definit'ions.  5-0 
Delalxde  (piarry.  2.50.  2.57 
Delaware.  157 

Delaware  lliviq-  section.  140 
Ihdaware  W'ater  (Jap.  140.  151 
Delta.  103.  300.  30.3.  304.  .300.  367,  .370, 
381.  38.3.  384.  380 
Density  of  slate,  7(i 
Diabase.  303 
Diamond  (iiiarry.  24.3 
Diamond  run,  80,  101  221  2‘’0  •’•'8 

2.35.  2.30.  24.3  ' • — ’ 

Dick  (piarrv.  232.  274 
Dike.  30.3.  .374 
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])illiar(l  (|UiUT.v.  21)4 

Dip.  (leliiUMl,  (.  ITO 

Diti.-liett  (and  Jauiilil,  operators,  2)28 

Ditcliett  ipiarry.  212 

] >one.v  quarry.  224 

Doney's  old  (]uarry,  232.  234 

Doster  (piarry.  25(:! 

Drai;  faults.  KiS^ 

Drill  eore.s.  70.  71.  73 
Drilling.  70.  85,  80 
E 

Eagle  liuarry,  337 

East  D.'uigor  Consoli<lated  Slate  Co.,  208 
East  Deri  111  (piarry,  303,  308 
East  Derliii  ijuarries,  189 
East  (farhoii  (piarry.  301-303 
East  Clau.ssville  ipiarry,  349 
East  End  (piarry,  315-317 
East  End  (piarry.  false  cleavage  in,  30 
East  Haynes  quarries,  334 
East  Montgomery  (iiiarry,  333 
East  Saegersville  (piarries,  280 
Eckel.  E.  C.,  cited,  19 
Eckville.  142.  149,  151.  153.  159,  103 
fault.  10)3,  194,  195,  339,  345 
fold.  194 

Eciinoinic  geology,  11,  184,  378 
Edelmaii.  258.  259 
(piarry,  259,  202 
(piarry,  tliickeiiing  of  betl  in,  22 
Eden  forniatioii,  142_.  194 
Elasticity,  test  for,  79 
Electric  quarry,  382 
Electrical  resistance,  tests  for,  80.  101 

slate.  173,  183,  184,  180,  187, 
190 

slate,  specifications  for,  107 
statistics  of  production,  114,  115 
Elongation,  372 

Emerald,  294,  295.  297,  299.  301,  304, 
305 

Emerald  (luarry,  292.  299 
Empire  (piarry,  188 

(piarries,  295,  29(i,  29 1,  300 
riiii  and  liig  beds.  187,  288,  300 
Slate  Company,  294,  335 
SYiicline,  278,  280,  287,  292,  29(i, 
‘ 299 

Erosion,  170,  193.  l‘.)4 
Eiirelca  big  beds,  300 

(juarry,  154.  155,  188,  279,  290, 
297,  307.  309 
quarry,  beds  in.  20 
thickening  of  bed  in,  22 
Eureka  run  and  liig  beds,  187 
Eureka  syncline,  278,  279,  285,  287,  295, 
300,  308,  314,  319,  321 
Evans,  Edward,  (piarry,  382 
E.xcelsior  quarry,  227,  228 
Exploration,  08 

F 

Factory  ville,  157 
Fairmount  age,  149 
Fairview  quarry,  302,  303 
False  cleavage,  35,  30,  168,  170,  196, 
210,  279,  297,  299,  339,  346,  347,  370, 
376,  380 

Faults,  154,  160-167,  170,  184,  195,  198, 
205,  206,  218,  222,  230,  237,  2.38, 
240,  241,  243,  271,  279,  296,  317,  327, 
339,  344,  345,  3.52,  354,  357,  361,  363, 
365-368,  370,  380 

displacnient  162-167,  167 
defined,  7,  27 


reiieated,  IS.  117.  118 
striae.  103-165,  238.  241 
types  of.  100 
Feathers,  195 

Federal  Slate  Conipaiiy  quarry,  334 
Fensterniacher  (juarry,  286 
Filler,  353.  356.  307' 

Finley  quarry,  385 
Fisher  (piarries,  272 
Fleisclimaii  quarry,  275 
Elicksville,  256 
Flint,  15 

Flint  Hill  quarry,  348 
Floors,  263,  330 
Flory,  Solomon,  204 
Focht  quarry,  357 
Folded  cleavage,  171 
Folded  structures,  interjiretatioii  of,  23, 
1^4 

Folding,  154,  185.  224,  228 
Folding.  Peach  Dottoiii  district,  3()8 
Folds,  character  of,  21 
diagrammed,  7.  8 
economic  significance  of,  25 
illustrated.  22 
Foreshortening,  242 
Fossils,  142,  1(;2 
tracks,  141 

Fracture  cleavage,  170 
Franklin  Dig  Ded  Slate  Co..  319 
Franklin  run  and  big  beds,  185-187.  189, 
190.  192.  279,  292,  293,  297,  2i)8.  300- 
304,  309-311,  313,  315,  317,  319,  320, 
323,  326,  328.  330.  331.  335,  336 
Frantz  (juarries.  351 
Friedman  (jiiarrv,  257 
Front'  big  lied.  230.  236 
Frye  quarry,  198.  199 
Fullmer  (|uarry,  318 
Fullmer  run,  318 
Fulmer  and  Wagner.  221 
Fiinkhouser  Comjiany.  383 

(jT 

Canister,  151 

Carr  (juarry,  258,  259 

Cell!  (juarries,  337 

Cenuine  big  bed,  146,  192,  232,  235,  23(). 
239.  240 

Cenuine  Washington  (juarries,  189.  316, 
329 

Ceological  terms,  7 
tieologic  histor.v.  172,  .374 
Ceology,  of  Lehigh-Northampton  district, 
133 

Peach  Dottom  district,  361 
Germansville,  347 
Gilsonito,  346 

Glacial  debris,  152,  173,  204,  209,  211, 
219,  226,  231,  232 
Glaciers,  173 
“Golden  Line,”  301 
Gorsuch  open  cut,  370,  381,  384,  386 
Graber  quarry,  265 
Grain,  29,  31-3.5 

direction,  test  for,  75 
in  drill  cores,  70,  71 
Peach  Dottom  district,  372 
relation  to  bedding,  49 
strike  and  dip  of,  33-34 
Grand  Central  quarry,  233,  234 

run,  191,  198,  229,  232,  233,  283 
Granules,  103,  115 

Graphite,  177,  180-184,  365,  375,  37(i, 
378 


INDEX 


• iniiihitii.'  Hakes,  9,  17 
(;  ravel,  152 

Drava  vaults,  slate  for.  198 
Gra.v  beds.  119,  175-177.  189.  190.  192. 
199.  195.  228.  299.  299  210.  211,  219, 
28S.  992.  999.  995.  999.  998 
(ireeiiawald.  109.  112 
sroup.  959.  251 
Green  lieds,  199 
"Green"  marble.  399 
slate.  959.  951 
Greene  ([uarr.v.  129 
Greenwidi  ^Mannfaetnrins  Co.,  957 
Gre.as  <|uarry.  985 

Griffith  llrotbers  Slate  Co..  929.  929 

• iriffitli.  George.  928 
Griffith.  (|uarr,v.  901.  991 
Gronmhnass.  182.  189 
Gnihsxille.  159 

11 

Haas  Hill.  1.59 
Hagenbnsch  (inarr.v.  279 
Halm.  Gi'anville.  991 
Hahn  and  Griffith  iinarries.  991 
Hamburg,  159 

11  amilton-iMarcellus  group,  120.  121 
Hankee  JJi'otln'rs.  ojierators.  91.5 
Hard  Ei'ont  big  bed.  1122,  291,  219 
Hai’dness,  test  for,  78 
Hard  ndls.  11.  1.).  .9.i.  199.  189.  209.  207 
Hard  slate,  119.  159,  199.  179.  181.'.  1,81. 
1!»9,  251.  259.  258,  294.  918.  919,  351, 
953 

banded,  11 
fold  in.  22.  130 
test'i'd,  32 
nnribboned.  1.8 
Haiper  (piarry.  997 
Hayer  (pi.-irry.  279 
Haynes  (luariies.  999 
Hazel  Dell  (piarry.  900.  901,  909 
Heidelberg  Township,  Lehigh  County, 
918 

Heimbadi  (juarr.v.  920,  929 
Heimbadi  run  and  big  bed.  921-929,  397 
Heller  (|uarry.  229,  290 
Hematite.  955 
Hemerly  (piarry.  910 
H(‘ury  I'.rothers,  opi'rators,  997 
Henry,  Charles.  399 
Henry  (piarry.  291.  .919 
Hmciiles  (piarry.  211.  212 
Hereules  Slate  Co.,  212 
Hermany.  Thomas  G.,  919 
Hess  (Ontelaunee)  (|uarry.  915.  .950 
Hess  (piarry.  shear  zone  in.  98 
Hewes.  .losejih.  9.87 
Highland  (pmrries.  270.  287 
Highland  Slate  Co..  2.85 
Hirsdnvald  .1..  eited.  9.  10.  10.  20 
Historical  geology.  Peach  I'ottom  dis- 
trict, 971 

Histor.v,  Lehigli-Xorthampton  district, 
9.57 

I’each  I’ottom  district.  .9.87 
Hoboken  (piarry,  201 
Hogbacks,  192 
Hoisting.  .88.  ,80.  08 
Hope  (piarry.  285 
Hower.  .1.  K..  995 
Hower  lirothcrs  .Slate  Co..  9.99 
onarry.  1<.)2.  27!t.  .92.9.  9.99 
Huckleberry  Uidge.  .952 


Hughes,  Amer.  299 
Hughes.  Pill,  (piarry,  .910 
David,  operator,  92.8 
Estate  (piarry,  989 
(piarries.  ,904.  30,5 
Willi  am.  operator.  90.5 
Humphriw  (piarry,  15.  998,  990,  971, 
972,  975,  ,977,  .982 

1 

Ice  age,  1.51,  17.9 
Imperial  ipiarry.  230 
Infolding.  .952  " 

Inlaid  slat(‘,  239 

Intratormational  unconformities,  119,  117 
Iron  ore,  957 

J 

Jackson  Pangor  Xo.  1 (piarry,  210,  212 
No.  2 (piarry,  211 
No.  9 (|uarr,\.  210,  211 
No.  1 (piarry,  21.9 
Xo.  5 (piarry,  150.  195,  211.  215 
Xo.  9 ipiarry,  150,  191-199,  211, 

219.  211 

Xo.  7 (iiiarry,  1.5!t,  191,  195,  210 
Slate  Comiiaii.i'.  01,  211,  211,  215 
.Tackson  Slate  Coinpan.v.  211 
.lacksoiiburg  liim^stone.  191.  192,  291 
.lacksonville,  192.  199.  .911 
Jenny  'Weeks  bed,  239.  290.  213 
.Jdiiiny  Knack  bed.  2.99 
.Tohnny  Kri'ss  bed,  04, s; 

.lohnson  (piarry.  9.89 
.rolinsoiiville.  259 

.Tdiiting.  170.  1!I9.  202.  20.9,  208  ‘>37 

2.98.  ‘292 

Peach  Pottoin  district.  972,  980 
detined.  ,8,  .9!)-19 
relation  to  bedding.  10 
.loint  charts.  97.9.  371 
hllings,  90.  91 
planes.  199,  197 

.Jones.  Faulk,  (jiiarrv,  17,  39.8,  ,971,  .977 
.981  • ' ’ ’ 

.folin  W.  (Peerless)  (piarr.v,  .97.5 
K.  1...  (inarry,  17,  998,  990,  ,98.9 
Pobert  :SI..  219,  2.99,  958 

K 

Kalbacli  quarry.  ,912 
Kaolin,  177,  1.81,  .955 
Keenan  Co.,  298.  290 
Keenan  Structural  Slate  Co.,  101 
Keim  (piarries.  20,5 
Kdl  (piarry.  9.8.9 
Kdler  quarry,  21.8 
Kempton.  190.  959 
Kern.  James,  ojierator.  920.  .921 
.1.  P..  Slate  ('ompany,  202 
(piarry.  1.8,8.  200.  201,  208 
Key  block.  105 

Keystone  (piarry.  185.  188.  271.  .918 
Keystone  run  and  big  beds,  185.  187. 
1.8.8,  2.80.  911.  .911.  915,  918,  3.91 
Slate  Company,  .909 
Kinney.  220 

ipiarry.  117.  220 
Kirby.  Hniiier  IP.  cited.  .9.  9.5 
Kistler  Creek.  191 
Kittatinny  limestone,  191 
peneplain.  172 

Klondike  big  bed,  202.  909-.90,8 
‘Knifey'  bed.  101.  10‘2 
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Knots,  18T,  307,  227_ 

carbonate,  10,  17,  12.3 
siliceous,  11,  17 
Koch  (juarry,  27() 

Ki-aus  quarry,  847 
Kuiitz  quarry,  845 
run,  287,  300 


Labar,  Nelson,  358 
riiillii),  21(1,  221 
quarry,  253 

Lamb  ami  Ditdiett',  operators,  328 
I,aiicaster,  L'liester,  cited,  3,  20_ 
Lancaster  County,  3.58,  300.  37;) 
Langenbacli  quarries,  253 
Laros,  159 

Larrabee  (]uarries,  325 
laiurel  Hill  (luarry,  34(5 
Lebanon  County,  5,_  120,^  149,  35 1 
Leliigb  Furnace,  285,  287 
Leliigli  Gap,  149-151 
(juarry,  319,  320 

Ijeliigb-Nortbainpton  district,  5,  127 
cities  and  towns  in,  128 
history  of,  357 
geology  of,  133 
physiograjibic  features,  12..( 
transportation  in,  128 
Lehigh  Kiver  section,  149 
Lehigh  81ate  Company,  358 
Lehigh  Township,  Northampton  County, 
349 

Lehr  quarry,  259 
Leith,  C,  K,,  cited,  54 
"Length”  of  beds,  185 
Lenhartsville,  103,  103,  .35.),  o.o< 
quarry,  357 

Light  beds,  147,_148,  182 
Lilly  (piarries,  272 
Limestones,  133,  1.3,5 
Limestone  valley,  132 
Liinonite,  181 
Linoleum  tiller,  350 
Little  Kangor  quarry,  205 
Little  llusbkill  Creek,  149 
Little  Hard  big  bed,  240 
Little  Offset,  1.59 
Lloyd  quarry,  383 

Locke  -luarry,  188,  279,  288-_291,  345 
Locke  run  and  big  beds,  18-,  188,  190, 
284,  285,  287-289,  291,  292,  290,  300, 
313',  314!  340 

Long,  .1.  Fdmer,  -inarry,  12  < 

Loose  ribbons,  149,  100,  20.'j,  -'-o,  —yo, 
237,  243,  244  _ _ 

Loretto  (piarry,  325 

Lower  Star  big  bed,  18(5 

I,owbill  group  of  -piarries,  .348 

Lowhill  Township.  Lehigh  County,  348 

Lucerne  -piarry,  320 

Luster,  378  _ 

Ij.ynnport,  103,  3,38,  ,34;),  3o0 


M 

Hack,  L.  -.(c  Company,  quarries,  287 
Madoc  (piarry,  332 
Hadoc  Slate  Co.,  332 
Hagee  quarry,  273 
Magnetite,  177,  181.  3(!3.  37;),  .378 
5[amnioth  big  bed,  190,  327,  328,  3.30 
-piarry.  340 

IVIanhattan  quarry.  154,  155,  188,  288, 
280.  291 


run  and  big  beds,  188,  288.  2.89.  291, 
292.  295;  314.  343 
Slate  Company.  90.  287,  291 
Maps,  scale  of.  19(5.  197 
A-piashicola.  123 
I’ea-di  Bottom  district,  30(5,  307 
Marlilei/.ed  slate,  102 
Martic  overthrust  fault.  .303 
Martin  and  Harding  quarry.  232.  234 
Martinsburg  formation,  120,  127.  143, 
151.  157.  158,  10(t,  103,  104,  172,  184, 
194,  352 

deseril-e-l.  130 

lower  membei’.  142,  143,  15-,  1.59, 
Kil,  102,  2;55,  2;58.  207,  270.  348. 
349 

middle  member  140,  142.  143.  149, 
157.  1;59.  101-103.  108.  170,  192. 
2.51 . 252,  2.5.8,  34  - , 34.8.  353 
sandstone.  144 
sandy  meml-er.  138 
slaty  beds  in.  48 

uiiiier  member.  143.  14;).  140.  14.8. 
149,  159.  190.  194,  278,  283,  338 
Martins  Creek.  152.  159 
Masters  -piarry.  241 
Maucb  Chunk  -juarry,  272 
Mauer,  K.,  332 
Maysville  age.  149  _ 

^McLaughlin  quarry,  47.  .30.8.  o70,  .aSO, 
382 

McMillan  age,  149 
McSparran  quarries,  385 
Medina  formation,  149,  172 
Merrill.  George  _P.,  cited,  3,  39 
Mesozoic  era.  172 

Method  of  projecting  folded  beds,  24 


Mica.  173  ^ 

5Iica  Hakes,  photomicr-jgraph,  ol 
occurrence  of,  118 

Microscopic  description,  slate,  31,  175- 
181.  3.55  .. 

Peach  Bottom  slate.  .3t)0,  o<u 
Middle  big  bed,  142,  213,  214 
Middle  Martinsburg  anticline,  194 
IMike  Taylor  big  bed,  211.  218,  219 
Miles  quarry,  308,  381 
Miller,  B.  L..  dted._3 
(juarry,  255,  277 
No.  2 (juarry,  277 
51  ill  plans.  94-90 
j-ractice.  95 
transportation,  97 
5[illstock,  190  . 

statistics  of  production,  ll.j,  114_ 
5Iineral  composition,  colored  _shite.  .355 
Peach  jiottom  slate,  .375,  370 
Minerals  in  slate,  9.  10.  118,_124 

\I  comoosition.  l(t> 


Mining.  84 
Monocline.  154 

Montgomery  quarry.  170,  192 
Mosserville.  1;59.  338,  34(5,  347 
Mosseryille  fold.  194 
quarries,  347 
5Iountain  Creek.  110 

quarry.  20.  279,  .307.  308 
Mountain  View  -juarry,  1;59.  207 
Mount'  Bethel.  101 
-juarry,  255 
Mount  Hope,  116 
Mt.  Nebo  cemetery,  389 
5Iuscoyite,  177.  178,  181-183,  305,  376 
5Iyers  quarry,  292 


lNL>i:X 


.•!0T 


X 

X'iisel  <|uari'.v.  251 
Xaridiial  (luarry.  827 

Sohiiol  Slata  Company.  811 
Slate  I’.lackhoard  Co..  115 
X’eff.  .Iot‘1.  ojieiator.  810 

212-214 


( tx  erlnirdcii. 
(Iwoiis.  Ellis 
Xirlndas 


il-i::.  S2 
. ipiarrifs. 
operator. 


•JOS 
8(  14 


38.  140.  170.  -285, 


807 

150. 


100.  10>7.  170. 


Xew  llaiisor  (piarry 
Xew  Itiamoiid  (ptarry 
283 

Xew  Eureka  (luarry, 

Xew  Peerless  (ptarry. 

204-200 

cleavage  in.  28 
drilling  in.  85 
X'ewside.  150 
X’ew  Tripoli.  153 
Xew  York  (pnirry.  0.8. 

X’ew  Y'ork  tunnel.  818 
Xine  Foot  big  bed.  210.  222._282 
Xortlnimpton  County.  140.  357 
Xortliainiiton  Hard  Vein  Slate  Co.. 
X'orthampt'on  (ptarry.  140).  100.  218, 
254.  255.  200 

caleareons  beds  in.  18 
Xorth  P.angor  X'o.  1 quarry.  210 
North  Kangor  (pttirr.v.  14S.  105,  218. 
Xorth  Ijangor  X’o.  3 (pntrry 


202.  208 


1 55. 


20)0 
•221 . 


210 

217. 


210 

X'orth 

North 


190.  101.  210.  248 


P.angor  run. 

Hangor  X’o.  2 run.  100. 
X'o.  8 rtttt.  and  big  beds. 
101.  205.  217.  2"20.  248 
North  Bangor  Sbtte  C.'o..  itlan 

North  OVinenton  (ptarry.^  .sol 
North  Herittitity  titntrry.  843 
North  Kistler  (pntrry.  842 


101.  248 
14ti,  100. 

of  phiitt. 


X’otvest.  Kobert'. 
Nungesser  (ptttrry 


•ited. 

220) 


17.  20 


O 

Oak  Hill  (ptttrry.  825 

Old  Bangor  (ptarry.  155.  102.  10.).  214- 
217 

thiekitess  of  beds  in.  28 
size  of,  20 

(lid  Bangor  run.  101,  108.  207.  210.  282, 
288.  240 

svneline.  155,  150.  -JOO.  212.  -21 8, 
215.  210.  218 
Old  Pxtdfast  (ptarry.  201 
Old  Berlin  (ptarry.  808.  804 
Old  P>lue  Kidge  (ptarry.  808 
Old  Cittnbridge  (ptttrry.  154.  270.  812 
Old  Coluitibiti  (ittttrry.  802.  808 
Old  Crown  tpiarry.  245.  240 
Old  Diantoitd  (ptttrry.  1188 
< >ld  Etirekti  quarry.  807 
Old  Franklin  quarries.  800 
Old  Craybill  qttttrry.  885 
Old  (iriffith  (ptarry.  8^0 
Old  .Jersey  quttrry.  8i)8 
Old  Keystotte  big  bed  (piarry.  180 
Otteidtt  conglonterate.  140 
Oittelattnee  Creek.  10’2 
Ontelaunee  (ptttrry.  180.  84.) 

Opeti  pit.  10.8 

Oplinger.  J.  E..  835  _ 

Oplinger  quarry.  Berlinsville  district,  ool 
Oplitiger  ( Empire  ) (tutirry.  •20.5 
(Irttnge  Cottitty.  N.  Y’.,  _l48 
Ordovician  ttge.  14.8,  172 
lintestoite.  101 
Oswald  qttttrry.  840 
Outliers.  Martiitsbitrg  forntttiiott.  8)52 


Paleozoic  ttge.  172 
Pttrry  (ptttrry,  200 
I’tirsoits  Brotbers  phtitt,  104 
Parsoits  Brothers  Shtte  ('o..  '280 
Ptirsotts  (ptttrry.  44,  140.  •2^2..>.  2-!.).  loti. 
880  _ . _ 

Pettch  Botloitt.  108,  800,  .-ItJ.  .SSj 
beds,  2S5 

district.  5.  27,  20.  8:!.  80.  8(.  4.).  4i. 
.•1.50-800 

(Ittttrry.  Shttiitgton  district  888^^ 
rtttt  ttnd  big  beds.  1 . •2S-! 

shtte*.  808.  804,  80 ( . 8)  t,  .ISO 

coittpositiott  of.  0)2.  08 
noit-fadiitg.  20 
syttcline,  805.  807,  80S 
Pearl  i Vork-Liett  I (ptttrry.  88)2 
Pelicttit  (ptttrry.  2^28 

Pen  Argvl.  158,  154.  104.  105,  170.  171. 
178,  177.  180.  108.  J-Jl.  225 

beds.  100-102.  107.  200.  251.  2.52 
(jttttrr.v.  1S8 
Petiephtitts.  181,  18‘2 
Petiit-Bttttgor  (ptttrry,  2^2S 
Pettit  Eynn  beds.  ISO 
(ptarry,  810 

run.  -204.  810.  810.  881  _ _ 

Penns.vlvanitt  (juarry.  •IIO,  •I 42,  •248,  LoO, 
200 ' 

run.  100.  101.  241 
Pennsylvttnitt-Stttr  (ptarry.  8P2 
Peters  Creek.  800.  807 
schist.  8()2.  808.  807 

I'eters  (ptarries,  Berlinsville. 
nettr  Einerald,  802.  808. 
nettr  AValnutport.  822 
Peters- Athis  quarries.  8^2S 
I’eters.  E.  I>..  company.  822, 

Peters  (and  Roberts)  (ttittrries,  204 
I’etrography  of  slate,  124 
Phihtdelphitt  (ptttrry.  2S0 
Phillips  (ptttrry.  255 
Phoeitix  (pittrry.  140.  147.  •2^20 
Phoeiti.x  big  bed.  140 
Phoenix  Slate  Co..  2^20  __ 
I’hotoitiicrograiths.  81.  l<o._17() 

Petttdt  Boffottt  shtte.  877 
Phyllite.  117 

I’h.vsiogrttphv.  (Atrbon  C()tittt,v  district, 
110 

Eehigh-X’orthttmpton  district.  P20 
I'etich  Bottom  district,  801 
Pigment.  858.  857 
Pinching.  102 
Pine  ('reek.  158 
I'ine  drove  Furnace.  1 IS 

Pinnacle,  150,  100,  108,  104 
I’itch  of  fohls.  157 
I'ittsburgh  (pitirr.v._  841 
Pittston  (pittrry.  1,)4  _ 

Pittst'on  (pittrries.  20.  270.  80S 
Phtgioclttse.  17(.  ISl.  1S2 
Plttne  of  grttiit.  284 
Plttitittg.  07.  0!) 

Pieistoceite  age.  17.8 
PleistoceiK*  deposits.  l.)l.  l.).> 

Ihdnt  I’hillip.  251 
Polishittg.  07.  100.  KR 
Porosity.  70 
I’orpby !'( (blttsl , Iso.  .1(7 
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Port  Clinton.  1(13 

Portland.  154,  157.  ICO.  102.  254 

Power,  95 

Pre-Cambrian,  301.  303 
Pre-Martinsburg  limestone,  157 
Pritchard  quarry,  201 
Probst.  Erwin.  340 
Proctor  quarries,  3S1 
Production,  Peach  Bottom  slate,  300 
statistics,  109-115 
value,  1 

Provident  quarry,  Berlinsville,  328,  329 
quarries,  Emerald,  301,  303 
Prudential  quarries,  331 

syncline,  278,  279,  283.  285  093 

318,  328,  329.  331 
Pulaski  age,  142,  159,  102 
Pulverized  slate,  103 
Punching,  92 
Puiqile  slate,  353 

Pyrite,  173,  177,  181,  183,  257  273,  375 
378,  .379 

Pysher  <juarry,  250 

Q 

Quaker  City,  162 
quarries,  340 
CJuarries,  form  of,  .84 
(iuai-ry,  numbers,  197 
practice.  .84 

section.  Empire  (juarry.  297 
Eureka  quarry,  297 
water,  03 

Quarrying,  features  deleterious  to.  11 
ideal.  11 
metliods,  87 

Quarta,  173.  177-1.83,  202.  250.  203  208 
27.3,  275.  277,  30,8.  312.  342.  343.  353,' 
355.  304,  305,  370.  3(5-37(.  3,81-385 
Quartzite,  304 

B 

Beading  (juarry,  273 
Becumhent  fold,  272 
Bed  bed.  140,  103.  222.  235.  2.30 
Bed  slate.  353.  354 
Beentrant,  230 
Beiehard  (juai-ry.  250 
Bensselaer  County,  X.  Y.,  143 
Bept  (juarry.  338 
Beservoir  quarry,  352 
Besources,  4 
Bextown,  202,  205.  .300 
Bhymer  quarrv,  274 


Bibbons.  11 

. 15, 

61. 

140, 

102. 

1 73. 

175, 

ISO. 

183, 

185, 

193, 

257. 

258, 

207. 

272- 

274, 

276, 

277, 

28.3. 

287. 

288. 

291. 

290, 

299. 

302. 

303. 

313. 

320. 

324. 

333. 

.34(1, 

342. 

340. 

348, 

349. 

351. 

352 

Bice  (juarry,  292 

Bidgway  color  chart,  19,  70.  103.  370 
Bipple  marks.  141.  147 
Bippon  and  AVolle  quarry.  274 
Biverside  (juarry,  321 
Boad  metal,  356 
Boberts  quarry,  Berlinsville.  .330 
Boberts  quarry,  Slateville.  .342 
Boberts,  lliohael  ,7..  Slate  Coniji.-my.  33,0 
Boberts,  Bobert.  operator,  314 
Boberts,  William.  .342,  3.58 
Boberts  (and  Peters)  (juarry,  204 
Boberts  (and  Thomas)  qjiarry,  .314 
Bockdale.  slate  at,  48 
quarry,  ,349.  .358 
Booling  granules.  379,  38.5 


Booling  jiaper  cover.  350 
Booling  slate.  180.  187,  190,  378 
specilications.  100 
statistics  of  production,  111-113 
stock  pile,  93 
thickness  of,  92 
Boon  quarry,  276 
Both,  Hilton,  operator,  306 
Both  quarry,  1(5,  275,  286.  306.  351 
Boyal  Blue  quarry,  284,  289-291 
Bubbing  bed,  99 
Budolf  quarries,  322 
Buns,  delined,  185 
Bust,  255,  257 
Busting.  17,  21,  116,  125 
Buth  quarrv,  356 

Butile,  32.  125,  127,  177,  181,  182,  375, 
377.  3(8 

Byan  (juarry,  200 

S 

Saegersville  quarries.  285 

ruii  and  big  beds.  186.  187.  283,  286 
Saint  Xicholas  quarry,  251,  252 
Sander,  Bruno,  cited,  52 
Sandy  beds,  15 
Sanitary  slate.  108 
Sawing.  91.  97.  98 
Scallop.  29.  .3<.) 

Scheidv.  48.  351 
Schist,  00.  116,  .363.  .365 
Schlegel  quarry,  274 

Scho((l  slates,  102,  108,  186,  187,  190, 
282,  358 

value  of  product,  114,  115 
Schooley  peneplain,  172 
Schuylkill  Gap.  149,  151,  158 
fault.  164,  194,  195 
Schuylkill  quarry.  291 
Schuylkill  Biver,'  151,  1.53,  159,  103 
Scows,  203.  271 
Sculp.  29.  30 
Seem  (juarry,  200 
Seemsville  group.  276 
Seip  quarry.  252 

Sericite.  177.  355,  303.  364.  370.  375-377. 
Serpentine.  363 

Sewell  Slate  Co.,  quarries,  335 

Seybold  quarrv.  331 

Shaft.  193.  313.  319 

Shank  quarry.  370,  377,  385 

Shanties.  91,  9.3 

Shear  zones.  37 

Shenton  (juarries,  Lynnjiort  district,  344 
Slienton  Xo.  2 quarry.  289 
Shenton  Slate  Comp.any,  289.  345 
Shinier  quarrv,  159.  208 
Sliochary  Bidge.  142.  1.53,  159.  100.  162 
syncline,  102.  103 
Sieger  (and  Kraus)  quarry,  347 
Silica.  1(3.  1(5 
Siliceous  lieds.  183 
Silurian  age,  151.  195 
Silver  riblions.  149.  168 
Single-mast  supjiorts.  386 
Slate,  comjiosition  of,  9 
define(l.  0 
minerals  in,  7,  9 
origin  of.  50 

Slatedale.  154.  1.55.  170.  177.  1.83.  1,88, 
189,  279.  281,  280,  288-291.  293  ‘>94 
.3.38  ' ■ 

water  in  (juarries,  64 
Slate  district,  defined.  4 
tabulated.  5 

Slale  dust,  granules,  middling.  103 
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Slatefielfl,  159,  252 
Slatefoi’d.  160.  102.  19T 
Slate  Hill,  384,  389 
Slate  Point  quarry,  3<>5,  384 
Slate  Products  Co..  Inc.,  248 
Slate  ridge.  361,  362 
Slate  terrace,  130,  131 
Slateville,  162,  163 

Slat'ingtoii,  154,  155.  168.  170,  177,  186, 
188,  189,  193,  278,  301,  305,  310,  312- 
315,  318,  345,  35S 
group,  278 

Slatington  Slate  Company,  299,  300,  308, 
310.  317.  340 

••Slaunts”,  47,  368,  369,  372,  380,  382- 
385 

Slickensides,  42,  44,  63,  167,  169 
Smith,  Ed.,  quarry,  273 
Snowdon  quarry,  198,  199 
Snydersville,  159 
fold,  159,  194 
quarry,  175,  353 

Soft  slate,  146,  149,  160,  162.  168,  109, 
173,  175,  176,  182,  184,  186.  187,  190, 
193 

Soft  slate,  banded,  14 
“Soft"  slate  member,  338,  348 
Sonorousness,  75 
South  Cementon  quarry.  351 
South  Hermany  quarry,  343 
South  Kistler  quarry,  342 
South  IMountain,  172 
South  Shenton  quarry,  344 
Sparry  beds,  15 

Specifications  of  slate  products,  loy 
Spitzenberg,  142,  143,  356 
Spitzenberg  limestone  conglomerate,  143. 
144 

Splitting.  88,  91 
Standard  (luarry.  210,  211.  292 
Standard  Slate  Company,  202 
Star  run  and  big  Iteds.  187.  188.  190, 
288.  296,  299,  306-308.  311.  312,  314. 
315,  323.  326,  332,  333,  337 
Star  syncliiie,  285 
Steckel  (piarries,  274,  300,  301 
Steckel  Slate  Company,  300.  304 
Stecker  (piarry.  248 
Stelz  quarries.  314 
Stephens-.Jackson  Co.,  238,  2.‘!9 
Stetlersville,  159 
Stewart  (juarries,  383 
Stoddard  (|uarry,  231,  232,  236 
Storage,  92.  93.  102 
Strat'igrajjhy  of  soft  slate.  184 
Carbon  County  district,  122 
Lehigh-Northampton  district.  133 
Peach  Pottom  district,  363 
Strength,  crushing,  78 
tests.  379 
transverse.  79 
Strilce,  170 
defined.  7 
Stripping.  82.  84 

Structunil  fe.atures,  21.  47,  194.  238 
slate.  108.  186,  190 
Structural  Slate  Co..  103,  115 
Structure,  general,  1.54 

Peach  P.ottom  district.  365 
Structure  sections,  156,  201,  225 
Berlinsville,  280 
Blue  Mountain  quarry,  293 
Carbon  County  district,  124 
Danielsville.  280 


Enqiire  (piarry.  296 
Eureka  (]uarry.  307 
Hughes  ipiarry,  30.5 
Lehigh-Northampton  district.  154 
Locke  and  Manliattan  (piarries.  28s 
Peach  Bottom  district.  366.  367 
Provident  quarry.  Berlinsville,  329 
Slatedale.  281 

Slatington  district,  280,  281 
Strunk  quarry.  204 
Sulidiur.  173.  183 
Syncline.  195.  200,  202,  224 


T 

Talus  material,  153.  194 
Tanyard  quarry,  385 
Techuology.  81 
Terminal  moraine,  153 
Terraces,  130-132 
Tertiary  era,  172 
Testing  of  slate,  73 
Tests,  electrical,  32,  101 
heat  conduction,  32 
Texture.  182-184 
Thickness  of  beds, 

determination  of.  70-73 

of  lieds  and  strata.  lS.5-187.  190, 


192,  247 

Thickness  measurements,  146.  14‘.h  188, 
189 

sources  of  error  in,  185 
Thin  sections.  31.  17.5,  176,  177.  .377 
Thirteen  big  bed,  207,  211,  216,  220 
Thomas  quarry.  314 
Thrust  faults,  154.  161.  162.  164,  16.) 
Tinsman  quarry,  44,  22.S 
water  in.  64 

Titanium  oxide.  173,  183 
Tombstones,  389 

Topogra]ihy,  related  to  (juarrying.  11 
Toughness,  test  for.  78 
Tourmaline.  376 

Transportation,  mill,  89.  90.  97 

Lehigh-Northainidon  district,  128 
Peach  Bottom  district.  30>O 
Transverse  strength,  test  for,  79 
Treichlers  group.  349_ 

Treichlers  Station.  171 

Trener's  law.  376 

Trenton  formation,  142.  172 

Trexler.  160 

Triassic  age,  143.  165 


Trilobite.  12.3 
Trimming.  88.  92 
Trout  Creek,  286.  287. 
310 


298.  300.  305. 


Trout  Creek  run  and  big  beds,  ISli.  187, 


287.  294.  295,  335 
True  Blue  (piarry.  257 
Tunnels.  193.  315._318 
'Punier  quarry.  273  _ 

Tuscarora  formation.  142.  149.  l.il.  l..>8. 

163.  172.  195  _ 

Tuscarora-ilartinsburg  contact',  150,  158. 

163.  194.  195 
Tuscarora  talus.  150 
Types  of  folding,  1.54 


V 

I'hler  (piarry.  248.  249 
T’nconformit'.v.  146.  14(.  149.  193,  194 
Enderground  mining.  313.  .318 
Enited  States  (piarry,  240,  241 
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United  States  run.  lOL  24(1 
I iiper  Loeke  (Manhattan)  hi^-  bed.  2S.') 
Uses.  ISd.  1!),S.  202 

IN'aeli  Hottdin  .slate.  .‘ITS.  279 

A' 

Valle.v  riuarry,  244.  245 
Valuation  of  slate  proiierties.  (>5 
Value  of  iiroduction.  1.  109-115 
A'a lilts.  379 

A’endor  SlaN'  Co..  115.  285 
A'erniont  slate  19,  20 
A’iryinville,  104 

AV 

AVagner  (juarry,  257.  272 
AA’alberts  grou]).  352 
AA'ales-Ilangor  ((uarry,  334 
AAbilnutport.  321.  323.  325 
AA’anamaker.  162 
AA'ashington  llrown  quai’ry,  198 
AA'ashington  run  and  big  beds.  186,  187, 
189,  192,  286,  292.  301-304,  310,  319, 
321,  325,  328-332,  335,  336,  338 
AA’-aste  pile,  12,  82,  93,  104 
AVaste,  dispo.sal  of,  92,  105 
utilizaLon  of,  105 
AA’^ater,  quarry,  63 

effect  on  quarrying,  (!4 
AA'afersplits,  46,  47 
AA'eathering,  17-20 
effect's  of,  61 
Wedges,  195 
Weidasville,  348 
Welshman’s  quarry,  265 
Welshtown,  314,  315,  317 
Welshtown  tunnel  quarry,  189,  315,  358 
Wenksville,  117 
Wennersville,  353 
Wessnersville,  160 
West  Albion  quarry,  230 


AVest  Pangor,  382,  383,  387 
granules.  103 
quarry,  166,  237,  246,  247 
AVest  Brensinger  quarries,  321 
AA'est  Claussville  quarry,  348 
AA’est  End  quarries,  25i 
AA'est  Highland  quarries,  283 
AATst  Montgomery  quarry,  333 
AA'hitehall  Township,  Lehigh  County, 
349,  3.58 

AAdiitesell  Hard  A'ein  Slate  Co..  259 
AA'hitesell.  Theo.  Co.,  quarry,  261 
AAnlbur,  Job,  Company,  quarry,  356 
AA'illiams,  David,  ipiarry,  322 

Henry,  operator,  304.  305 
.Tohn  D.,  quarry,  382 
and  .Tones  quarry,  322 
ipiarry.  Danielsville,  198,  334 
(piarries  and  shaft,  254 
(^)wen,  3.34 

Owen,  quarries.  299,  322 
AA'illiamstown  quarries,  304 
AA’illiamstown  run  and  big  beds,  283- 
286,  304,  305,  325.  335,  343 
AA^illiams,  AA’illiam,  Company,  299 
AVind  Gap,  170.  224.  225 
AVire  saw,  30,  83.  85,  86,  196 
AA'oods  quarries,  301 

V 

Yellow  beds,  19.3 
Yellow  slate  and  shale,  353,  356 
York  County.  3.59,  360.  ,375 
York-Lien  ( Pearl ) quarry,  ,332 
Young  quarry,  252 

Z 

Ziegenfuss  quarry,  277 
Zircon.  177,  375,  378 
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